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CHAPTER I 


TURBELLARIA 

INTRODUCTION : DESCRIPTION OF THE POLYCLAD LEP TOP LA XA 

TREMELLARIS APPEARANCE HABITS STRUCTURE : POLY- 

CLADIDA CLASSIFICATION HABITS ANATOMY DEVELOP- 
MENT: TRICLADIDA OCCURRENCE STRUCTURE CLASSIFICA- 
TION : RHABDOCOELIDA OCCURRENCE HABITS REPRODUC- 
TION CLASSIFICATION. 


The Platyhelminthes, or Flat Worms, form a natural assemblage 
of animals, the members of which, however widely they may 
differ in appearance, habits, or life- history, exhibit a funda- 
mental similarity of organisation which justifies their separation 
from other classes of worms, and their union into a distinct 
phylum. Excluding the leeches (Hirudinea), and the long sea- 
.vorms (Nemertinea) — which, though formerly included, are now 
treated independently— the Platyhelminthes may be divided into 
three branches: (1) Turbellaria (including the Planarians), (2) 
Trematoda (including the liver-flukes), and (3) Cestoda (tape- 
worms). The Mesozoa will be treated as an appendix to the 
Platyhelminthes. 

The Turbellaria were so called by Ehrenberg 1 (1831) on 
account of the cilia or vibratile processes with which these 
aquatic animals are covered, causing by their incessant action, 
tiny currents (“ turbellae,” disturbances) in the surrounding 
water. The ciliary covering distinguishes this free-living group 
rom the parasitic Trematodes and Cestodes, some of which 
possess such an investment, but only during their early free 
1 Hempnch and Ehrenberg, Symbolcu physicac, Borlin, fol. 1831. 
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larval stage, for the short period when they have left the 
parental host and are seeking another (Figs. 2G, 27, 42). 

Some Turbellaria (Rhabdocoelida) resemble Infusoria in their 
minute size, shape, and movements. Nevertheless they possess 
an organisation of considerable complexity. The fresh-water 
Planarians (Fig. 14), abounding in ponds and streams, vary from 
a quarter to half an inch in length, and are elongated and 
flattened. Their body is soft, and progresses by a characteristic, 
even, gliding motion like a snail. The marine Planarians or 
Polyclads (Fig. 8) are usually broad and leaf- like, sometimes 
attaining a length of six inches, and swim or creep in a most 
graceful way. Land Planarians occur in this country (Fig. 15), 
but far more abundantly in tropical and sub-tropical districts, in 
moist places, venturing abroad at night in pursuit of prey. They 
are elongated and cylindrical, in some cases measuring, when 
fully extended, a foot or more in length, and are often ornamented 
with brilliantly coloured, longitudinal bands. 

Turbellaria are carnivorous, overpowering their prey by peculiar 
cutaneous offensive weapons, and then sucking out the contents of 
the victim by the “ pharynx.” Land Planarians feed on earth- 
worms, molluscs, and wood-lice ; fresh-water Planarians on Oligo- 
chaet worms, water-snails, and water-beetles ; marine forms devour 
Polychaet worms and molluscs. Some Turbellaria seem to prefer 
freshly-killed or weakly examples of animals too large to be over- 
powered when fully active. Certain Rhabdocoelida are messmates 
of Molluscs and Echinoderms, and a few others are truly parasitic 
— a mode of life adopted by all Trematodes save Temnocephala. 

The Trematodes 1 may be divided into those living on the 
outer surface of various aquatic animals, usually fish (Ectopara- 
sites) ; and those which penetrate more or less deeply into the 
alimentary canal or the associated organs of the host (Endo- 
parasites). They are oval, flattened Platyhelminthes ranging from 
a microscopic size to a length of three feet ( Nematobothrium , Fig. 
22), and are provided with organs of adhesion by which they cling 
to the outer surface, or to the interior, of the animals they inhabit. 
Trematodes occur parasitically in all groups of Vertebrates, but, 
with the exception of the liver-flukes of the sheep ( Distomum hepa- 
ticuvi and D. maynum), and of JBilharzia haematobia foimd in man 
(in the blood-vessels of the urinary bladder) over the greater part 
’ T prjfia, a hole ; referring to the orifices of the suckers. 
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of Africa, their attacks are not usually of a serious nature. Ecto- 
parasite Trematodes are Monogenetic ; that is, their larvae grow 
up directly into mature forms. The Endoparasitic species, how- 
ever, are usually Digenetic. Their larvae enter an Invertebrate 
and produce a new generation of different larvae, and these 
another. The last are immature flukes. They enter a second 
host, which is swallowed by the final Vertebrate host in which 
they become mature. 


The Cestodes or Tape-worms have undergone more profound 
modifications both in structure and in mode of development. 
They are all endoparasitic, and, with one exception ( Archigetes ), 
attain maturity solely within the alimentary canal of Vertebrates. 
In length they range from a few millimetres to several metres, but 
this great size is attained from the need for the rapid production 
and accumulation of enormous numbers of eggs. The “ head ” 
or scolex is attached to the mucous membrane of the host by 
suckers or hooks, but there is no mouth nor any certain trace of a 
digestive tract at any stage of the life-history of Cestodes. For 
nourishment they absorb, through the skin, the previously-digested 
food (of the host) that bathes them. In a few Cestodes the body 
is simple and not divided into “ proglottides " or generative seg- 
ments, but in most cases it is jointed in such a way that the last 
segment is the oldest, and each contains a set of reproductive 
organs. The life-histories of Cestodes are most remarkable. The 
proglottides containing the eggs pass out of the final host along 
with the faeces and enter the intermediate host with the food. , 
The larvae hatch, and boring their way into the blood-vessels, are, 
carried by the circulation to various internal organs. Here they 
usually become “ bladder-worms,” and develop the “ head ” of the 
future sexual form. Then, if, as is usually the case, the inter- 
media e host is preyed upon by the final host, the larval Cestodes 
enter the alimentary canal of the latter. The head of the larva 
abne survives digestion, and from it the mature worm is formed. 

T ° „ theSe three , branches of ‘I® phylum Platyhelminthes, the 

only d„ tiT P 7 C5S 77“ 0f Special intera ‘ end importance. Not 
na Lhi 7 7 ex P'en“‘ion of the structure of the two 

EnirraThT tf ™ PT ° UUy arisen Turbellarian- 

K m,p Twoma TU ^ ° CC " Py tHe ‘°' Ve8t P° sition “ «* "'>>ole 
Seat f uu 7 r reas0nsf ° r thinking that this is the 
simplest group of bilateral animals which adopt the habit of creep- 
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ing. The Turbellaria are most closely allied to that great extinct 
group from which they, the Xemer tinea, Rotifera, and even the 
Annelids, offer increasingly convincing evidence of having been 
derived. Many questions relating to the affinities of, or the 
origin of organs in, the Annelids, resolve themselves into similar 
questions about the Turbellaria. For these reasons, this group 
is here dealt with at greater length than the others, the interest 
of which is of a more special nature. 

The history of our knowledge of the Cestodes dates back to 
ancient times, as the presence and effects of tape-worms early 
attracted the attention of physicians. Trematodes are first 
distinctly referred to in the sixteenth century, while Turbellaria 
first figure in Trembley’s memoir on Hydra (1744). 1 The whole 
subject of the increase in our knowledge of parasitic Platyhel- 
minthes is dealt with in the standard work, The Parasites of 
Man, by Leuckart,* and a complete list of references in zoological 
literature to Cestodes and Trematodes is to be found in Bronn’s 
Thierreich. 3 O. F. Muller 4 and Ehrenberg founded our know- 
ledge of the Turbellaria, but for a long time the group remained 
in a most neglected condition. In this country Montagu, G. 
Johnston, and in Ireland, William Thompson, discovered several 
marine species, one of which, Planocera folium (from Berwick), 
has not again been met with on British shores. Halyell 5 con- 
ducted classical researches on the habits of Blanarians, and Fara- 
day 6 made interesting experiments on their power of regenerat- 
ing lost parts. The credit of assigning the correct interpreta- 
tion to most of the various organs of fresh-water Blanarians 
belongs to von Baer ' and Duges, 8 while Merteus 9 effected a 
similar service for the marine forms, or Bolyclads. The minute 
Rhabdocoels were first successfully investigated and classified by 
Oscar Schmidt. 10 The great work on this group is, however, the 

1 Vunoires pour servir ii I'hisloirc d. Pohjpes (Venn douce, Leyden, 1744. 

2 Die Parasiten das Mauschcn, 1879 . Engl. Transl. by W. E. Hoyle, i. 1886. 

3 Band 4, by M. Braun. (Mcsozoa and Treniatoda completed ; Cestoda in progress.) 

4 I r erm. (err. ctfluv. . . . sited net a histories, 1773 ; Zool. Danica, 1777. 

6 Observations on Planariae, Edinburgh, 1813. 
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monograph by von Graff. 1 A similarly comprehensive and indis- 
pensable treatise by Lang, on the Polycladida, 2 contains references 
to all previous publications on the group, among which the 
papers by Quatrefages, Johannes Muller, Keferstein, Minot, and 
Hallez stand out conspicuously. Moseley’s work 3 on the Land 
Planarians of Ceylon is xindoubtedly the most revolutionary 
paper referring to this group, and the -v*.,. 

best contribution towards elucidating 
the structure of the Tricladida at a 
time when the subject was very obscure. 

A monograph on Land Planarians is 
being prepared by von Graff. 

The Turbellaria are divided into : 

(1) Polycladida, marine forms with 
multiple intestinal branches ; (2) Tri- nS 
cladida, marine, fresh-water, and ter- 
restrial Planarians with three main 
intestinal branches ; (3) the Phabdocvc- 
lida, as varied in habit as the Triclads, 
but possessing a straight and simple or 
slightly lobed, intestine. A detailed 
description of an example of the Poly- 
clads, and then a comparative account 
of each division, will now be given. 




Turbellaria. L Polycladida. 

Description of Leptoplana tremcllaris. 

Appearance and Habits. — An ac- 

count of the Polyclud Turbellaria may 

y. a £ f i,_ in , * 10 . 1 . — Leploplana Iran filar is 

be ntly prefaced by a description of o. p. m. Seen from the ilorsai 

a very common representative Levto- surfa< ; e * The alimentary canal 

_t n , ' r runs down the middle )iue and 

plana tTcmcllans , 80 called on account scuds branches to the margin 

of the thin, flat body which executes ofthobody - x6 ' 
when disturbed, quivering or tremulous swimming movements. 

1892 *° m9ra * hie d ‘ ^rMiarieu. I. Rhabdocoolida, 18S2. Dio Acock, Leiprig, 

3 “ 1 D !° Jdydadc-n," Fauna u. Flora d. Gol/es r. Xtapcl, Monogr. XI. 1884. 

3 Phil. Trans. 1874, j». 105. 
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Like all Polyclads, Leptoplana is marine. It is probably found 
on all European shores, northwards to Greenland and southwards 
to the Red Sea, while vertically it ranges from the littoral zone 
down to fifty fathoms. There is, however, an apparently well- 
marked difference between the littoral specimens, which vary 
from three-quarters to one inch in length, are brownish in colour 
and firm in consistency, and the more delicate examples half an 
inch long, white with a brown tinge, which occur in deeper water. 

At low water Leptoplana may he found buried in mud or on 
the under surface of stones, in pools where darkness and damp- 
ness may be ensured till the return of the tide. It is, however, 
by no means easy to detect and remove it from the encrusting 



Fio. 2 . — Leptoplana tremdlaris. Three-quarters view from tlio ventral surface. The 
pharynx (ph) is widely protruded through the mouth (mo) as in the net of attack- 
ing prey, br, Brain with nerves, close to which are the four groups of eyes ; nuj, 
stomach; nujc, “marginal groove"; pe, penis; sc, sucker; ut, uterus; tv/, vasa 
deferentia ; ?, female genital aperture surrounded by the shell-gland ; 6 , male aper- 
ture. (Seini-diagrammatic, and x 6.) 

Polyzoa, Ascidians, or Sponges with which it is usually associated. 
The flat, soft, unsegmented body is so closely appressed to 
the substratum that its presence is usually only betrayed by its 
movement, an even gliding motion of the mobile body, which 
suggested the apt name “la pellicule an i nice ” t<» 1 Hcquemare. 
The creeping surface is called ventral, the upper one dorsal, and 
as the broader end of the body always goes first, it is anterior as 
opposed to the more pointed posterior extremity. With a lens 
the characters shown in Figs. 1 and 2 may be observed. The 
eyes are seen as black dots near the anterior end, and are 
placed at the sides of a clear oval space, the brain. Along the 
transparent margin of the body, the ends of the intestinal 
branches may be seen. These ramify from a lobed stomach or 
main-gut, and should the specimen be mature, the“ uterus ” loaded 


1 


POLYCLADIDA 


9 


with eggs forms a dark margin round the latter (Figs. 1 and 
2, ut). The ventral surface is whitish, and through it the 
"pharynx,” a frilled protrusible structure, may be dimly observed. 
The “mouth ,” 1 through which the pharynx at the time of feeding 




Fl<J ' l\ZfH Pt X Plan x a <rCT,e f /ar “ in the “t of swimming. A, Seen from the right side 
during he downwanl stroke (the resemblance to a skate is striking) • R from 

! C°sS K Jew U ?nri tt "Vfc lr0k0 “f lou « itu,liu “ l -ndulatiow of the swimming 
during the x 7 *** D> •*«"* * U» ‘*4 

is thrust out (Fig. 2, mo), is almost in the centre of the ventral 
surface. Behind this, a white, V-shaped mark (vd) indicates the 
ducte of the male reproductive organs, and still further hack is 
the irregular opaque mark of the “shell-gland” by which the 
egg-shells are formed (Fig. 2, 9 ). 

is unfortu^te f0 ^Wv° nl n th ! 1,haryux ’ P* 380 * throu 8 h this “mouth,” tho term 
«« “Uicatioii with « "" 
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Leptoplana employs two kinds of movement, creeping and 
swimming. Creeping is a uniform gliding movement, caused 
by the cilia of the ventral surface, aided perhaps by the longi- 
tudinal muscular layers of this surface, and is effected on the 
under side of the “ surface-film ” of water almost as well as on a 
solid substratum. Swimming is a more rapid and elegant move- 
ment, employed when alarmed or in pursuit of prey. The 
expanded fore-parts of the body act as lobes, which are flapped 
rapidly up over the body and then down beneath it, undulations 
running rapidly down them from before backwards. The action 
in fact is somewhat similar to that by which a skate swims, 
a resemblance pointed out long ago by Duges 1 (Fig. 3). 

"We have few direct observations on the nature of the food of 
Leptoplana, or the exact mode by which it is obtained. Dalyell, 2 
who observed this species very carefully, noticed that it was 
nocturnal and fed upon a Nereis, becoming greatly distended 
and of a green colour after the meal, but pale after a long fast. 
Keferstein 3 noticed a specimen in the act of devouring a 
Jumbricn nereis longer than itself, and also found the radulae of 
Chiton and Taenioglossate Molluscs in the intestine. That such 
an apparently weak and defenceless animal does ovei'power large 
and healthy Annelids and Mollusca, has not hitherto been 
definitely proved. Weak or diseased examples may be chiefly 
selected. The flexible Leptoplana adheres firmly to its prey, and 
the rapid action of the salivary glunds of its mobile pharynx 
quickly softens and disintegrates the internal parts of the victim. 
The food passes into the stomach (Fig. 2, my), and is there 
digested. It is then transferred to the lateral branches of the 
intestine, and, after all the nutritious matters have been absorbed, 
the faeces are ejected with a sudden contraction of the whole 
body through the pharynx into the water. 

Leptoplana probably does not live more than a year. In the 
spring or summer, batches of eggs are laid and fixed to algae or 
stones by one individual, after having been fertilised by another. 
Young Leptoplana hatch out in two to three weeks, and lead a 

1 Ann. Sci. Xat. 1 sOr. tom. xv. 1828, p. 146. “ La Planairo tremcllaire . . . 

pent parcourir . . . en faisant battre rapidement ses parties laterales ii la iminicro 
dcs larges nageoircs des Raies." 

3 Observations on Planarui'. Edinburgh, 1813, p. 12. 

3 “ Zur Anat. Entwiekl. pinigtr Sceplanarieu v. St. Malo,” Abh. A'. Qcsell- 
schoft d. U'iss. Gottingen, 1868. 
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pelagic existence till they are three or four millimetres in length. 
In late summer, numbers of such immature examples may be found 
among sea-weeds and Corallina in tide pools. In the succeeding 
spring they develop first the male and then the female reproduc- 
tive organs. 
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F, °‘ . Po ^ tlon of a traverse section of Leptoplana tremcllaru in the hinder part of 
the body, x 100. bin, Basement (skeletal) membrane; cU, cilia; d.m, diagonal 
• “ r - m * "torso-ventral muscles ; tp, epidennis -/.p, food particles ; l.g. lateral 

?iv braDChea CU 1 aC t r T ; ! M eJ V xt f lm, » ai,d lM int ' i,lternal longiludiual 
muscle layers ; m.c , glandular (mucous) cells ; vui, their ducts ; 2k\ Witudinal 

=■ £* — ^ arr xrs -a 

VJi'io 0 “ ,dl ' 8W ' ; "• ; “■ — 

Anatomy of Leptoplana tremellaris.— Zepf oplana may be 
divided into corresponding halves only by a median vertical 
ongitudonal plane. The body and all the systems of organs are 
s ne y aterally symmetrical. Excepting the cavities of tl j 
organa themself, the body is solid. A connective “ parenchyma ” 

allow, ’el™ \ kmt / * he vanous internal organs together, while it 

^ “- v ° °ne part on another. These organs are enclosed 

whichT . ' d ° thei exte rnally hy the ciliated epidermis, 

membmn a *° m the under h’ing musculature hy a strong 

membrane (Fig. 4, Im). the only skeletal element in the body. 
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Body-Wall. — The epidermis (Fig. 4, cp) is composed of a 
single layer of ciliated cells, containing small, highly refractive, 
pointed rods or “ rhabdites ” {r/i), and gives rise to deeply- 
placed mucous cells (m.c), which are glandular and pour out 
on the surface of the body a fluid in which the cilia vibrate. 
The tenacious hold on a stone which Lcptoplana exerts if sud- 
denly disturbed, or when grasping its prey, is probably due to the 
increased glutinous secretion of these glands, aided perhaps by 
rhabdites, which on such occasions are shot out in great numbers. 
The basement membrane is an elastic skeletal membrane com- 
posed of stellate cells embedded in a firm matrix. It serves 
chiefly for the origin and insertion of the dorso- ventral muscles 
(d.v.in). Under the basement membrane lies a very thin layer 
of transverse muscular fibres (Fig. 4, rm), which are, however, 
apparently absent on the ventral surface. Theu follows a stout 
layer of longitudinal fibres {l.m ext), and beneath this a diagonal 
layer {'l.m), the fibres of which intersect along the median line 
in such a way that the inner fibres of one side become the outer 
diagonal fibres of the other. Lastly, within this again, on the 
ventral surface, is a second stout longitudinal layer {/.in int). 
The sucker {sc, Figs. 2 and 5) is a modification of the body-wall 
at that point. In addition to the dorso-ventral muscles, there 
exists a complex visceral musculature regulating the movements 
of the pharynx, intestine, and copulatory organs. 

Parenchyma. — The spaces between the main organs of the 
body are filled by a tissue containing various kinds of cells, 
salivary glands, shell-giands, and prostate glands. Besides these, 
however, we find a vacuolated, nucleated, thick- walled network, 
and to this the word parenchyma is properly applied. Besides 
its connective function, the parenchyma confers that elasticity on 
the body which Lcptoplana possesses in such a high degree. Fig- 
ment cells are found in the parenchyma in many Polyclads. 

Digestive System. — The general arrangement of this system 
may be seen in Figs. 2, 5, and 7 ; and may be compared, especially 
when the pharynx is protruded, as in Fig. 2, with the gastral 
system of a Medusa. The “ mouth ” (there is no anus) is placed 
almost in the centre of the ventral surface. It leads (Fig. 7, B,/?// s) 
into a chamber (the peripharyngeal space) divided into an upper 
and a lower division by the insertion of a muscular collar-fold 
(the pharynx, ph), which may be protruded, its free lips 
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advancing, through the mouth (Fig. 2), and is then capable of 
enclosing by its mobile frilled margin, prey as large as Leptoplana 
itself. The upper division of the chamber communicates by a 
hole in its roof 1 (the true mouth, Figs. 5 and 7, g.vi) with the 
cavity of the main-gut or stomach (?n.y), which runs almost the 
length of the body in the middle line, forwards over the brain 
(Fig. 5, up). Seven pairs of lateral gut-branches convey the 
digested food to the various organs, not directly however, but only 
after the food mixed with sea-water has been repeatedly driven 
by peristalsis first towards the blind end of the gut-branches and 
then back towards the stomach. Respiration is probably largely 
effected by this means. The epithelium of the intestine (Fig. 4, 
l.g) of a starving specimen is composed of separate flagellated 
cells frequently containing “ yellow cells.” 2 After a meal, how- 
ever, the cell outlines are invisible. Gregarines, eucysted Cercariae, 
and Orthonectida 3 occur parasitically in the gut-branches. 

An excretory system of “ flame-cells ” and fine vessels has 
hitherto been seen only by Schultze 4 in this species, which will 
not, however, resist intact the compression necessary to enable 
the details to be determined. They are probably similar to 
those of Thysanozoon described on p. 25. 

Nervous System. — The brain, which is enclosed in a tough 
capsule (tig. 5, hr), is placed in front of the pharynx, but some 
distance behind the anterior margin of the body. It is of an 
oval shape, subdivided superficially into right and left halves by 
a shallow depression, and is provided in front with a pair of 
granular-looking appendages, composed of ganglion-cells from which 
numerous sensory nerves arise, supplying the eyes and anterior 
region. Posteriorly the brain gives rise to a chiefly motor, 
nervous sheath (Fig. 5, nn), whicli invests the body just within 
the musculature This sheath is thickened along two ventral 
nes (1-ig. 5, In) and two lateral lines (n.s), but is very slightly 
developed on the dorsal surface. Ganglion-cells occur on the 

Vn be Uerves> and are P articularl y large at the point of 
origin of the great motor nerves. 

Sense Organs. —Leptoplana possesses eyes, stiff tactile, mar- 

3 3 *“^ PCripha £ mgea] chambcr i9 hence known as the "diaphragm.” 

* See l 94 ^ WM “• Flora d - °°V ea v - Monogr. XIII. 1S85. p. 65. 

Ver/utiidlungen d. vud. Gtxllsehafl zu Wurzburg, iv. 1854, p. 228. 
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Fig. 5. — Diagrammatic 
view of the struc- 
ture of L*ploplana 
tremellaris as a 
type of the Poly- 
cladida. The body 
is cut across tlic 
middle to show the 
relative position of 
organs in trans- 
verse section. In 
the posterior half 
the alimentary 
canal has beeu bi- 
sected and removed 
from the left 
side, to exhibit the 
deeply pliu ed nerv- 
ous sheath (n/*) 
ami the male re- 
productive organs. 
br, Brain ; dp, 
“diaphragm”; c, 
cerebral group of 
eyes ; ct , tentac- 
ular eye -group; 
g r, marginal 
groove ; gnx, true 
mouth ; lg, lateral 
gut - branch ; In, 
longitudinal nerve 
stem ; m, external 
mouth ; mg , mg', 
main -gut, whole, 
and bisected ; n, 
sensory nerve sup- 
plying the eyes ; 
nn, nervous net- 
work lying on the 
ventral muscula- 
ture ; n.s, lateral 
nerve ; od , oviduct ; 
ov, ovary ; pc , penis 
(in section) ; ph , 
pharynx ; pr , pros- 
tate or “ granule 
gland”; sc, sucker; 
sg , shell-gland ; 
tc, testes ; vp, an- 
terior unpaired 
gut - branch ; ut, 
uterus ; to, vagina 
(in section) ; tv/, 
vas deferens ; re, 
vasa efferent ia ; 6 , 
male genital j»ore ; 
9, female pore. 
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ginal cilia, and possibly a sense organ in the marginal groove.” 
The eyes, which are easily seen as collections of black dots lying 
at the sides of the brain, may be divided into two paired groups: 


(1) cerebral eyes (Fig. 5, c), and (2) ten- 
tacle eyes ( et ), which indicate the position 
of a pair of tentacles in allied forms (Fig. 
8, A, t and B). Each ocellus consists of 
a capsule placed at right angles to the 
surface of the body in the parenchyma, 
below the dorsal muscles, and with its con- 
vex face outwards. It is a single cell 
in which pigment granules have accumu- 
lated. The light, however, can only reach 
the refractive rods, which lie within it, 
obliquely at their outer ends. These rods 



Fig. 6. — Diagram of an eye 
of Lcptoplana from the 


are in connexion with the retinal cells, and (Aft?r L&ug) P * 600 ‘ 
thus communicate by the optic nerve with 


the brain. The cerebral eyes are really paired, and are directed 
some upwards, some sideways, some downwards. 


The “ marginal groove ” is a shallow depression of the 
epidermis (Fig. 5, gr) lined by cilia, and containing the ducts 
of very numerous gland-cells. It runs almost parallel to the 
anterior margin of the body, a short distance from it, but we 
have no observations on its functions. 


Reproductive Organs. — lap topi ana is hermaphrodite, and, 
as in most hermaphrodites, the reproductive organs are com- 
plicated. The male organs are the first to ripen, but this does 
not appear to prevent an overlapping of the periods of maturity 
of the male and female products, so that when the eggs are 
being laid, the male organs are, apparently, still in a functional 
state. The principal parts are seen in Fig. 5. The very 
numerous testes (te) are placed veutrally, and are connected with 
fine rasa efferentia (vc), which form a delicate network openin- at 
various points into the two rasa defercntia (id). These tubes, 
especially when distended with spermatozoa, may easily be seen 
(*ig. 2, vd) converging at the base of the penis,' and connected 
posteriorly by a loop that runs behind the female genital pore 

a- *5 • The penis is Pyriform and muscular, and is 

lvided into two chambers, a large upper one for the sperma- 
tozoa, and a smaller lower one for the secretion of a special 
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“ prostate ” gland. The apex of the penis is eversible and not 
merely protrusible, being turned inside out when evaginated. The 
ovaries (Fig. 5, ov ) are numerous and somewhat spherical. They 
are dorsally placed, but when fully developed extend deeply 
wherever they can find room to do so, and they not only furnish 
the ova, but elaborate food-yolk in the ova, as there are no 
special yolk-glands. The slender oviducts ( od) open at several 
points into the “ uterus ” (ut) (a misnomer, as no development 
takes place within it), which encircles the pharynx, and opens by 
a single duct into the vagina (yd). Here the ova are probably 
fertilised, and one by one invested by the shell-gland ( sg ) with a 
secretion which hardens and forms a resistant shell. They are 
then laid in plate-like masses which are attached to stones or 
shells. The development is a direct one, and the young Lepto- 
plana, which hatches in about three weeks, has the outline of a 
spherical triangle, and possesses most of the organs of the adult. 
After leading a floating life for a few weeks it probably attains 
maturity in about nine months. 

Classification, Habits, and Structure of the Polycladida. 

The Polyclads were so called by Lang on account of the numerous 
primary branches of their intestine. They are free-living, purely 
marine Platyhelminthes, possessing multiple ovaries, distinct male 
and female genital pores (Digonopora), but no yolk-glands. The 
eggs are small, and in many cases give rise to a distinct larval 
form, known as “ Muller’s larva ” (Fig. 12). The Polyclads, with 
one exception, 1 * fall into two sub-groups, Acotylea and Cotylea : — 

Character. Acotylea. Cotylea. 

Sucker . . A sucker absent. 3 A sucker always present (Figs. 

8, I), s; 7, A, sc). 

Mouth . ■ In the middle, or behind the In the middle, or in front of the 

middle, of the ventral but- middle, of the ventral surface, 

face. 

Pharynx . . More or less intricately folded. Rarely folded. Usually cylin- 

drical or trumpet-shaped. 

Tentacles. . A pair of dorsal tentacles A pair of marginal tentacles (ex - 

usually present. cent in A nonymus). 

Development Usually direct. Larva when Muller’s larva present. Metamor- 

nresent, not a typical Muller’s phosis, however, extremely 

larva. slight 

i Enantia sjnnifera GrfT. Mitthcil. d. Nalunciss. Vcrcin. f. Stcicrmark , 1889. 

- The sucker of Lcptoplana trcmcllaris probably does not correspond with that 

of the Cotylea. 
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H-' 8 shows that, starting with a member (A, D) of each 
division, in which the mouth is almost in the middle of the 
ventral surface, and the brain ami sense organs somewhat 
remote from the anterior end, we find in the Acotylea a series 
leading to an elongated form (t'estoplanidue), in which the 
mouth, pharynx, and genital pores are far back near the hinder 


m(fbr 



Fm; 



iTfaSTyS rf Cat Jo " gU f u,,i " nl muon. : A, Of Proslhioslominn (ty,» of 

mssmmmm 


Li i b 0 i ; Wl i C 1,1 the Co ‘yl“ the series leads simi- 
“i . to the elongated Kusthiostonmtidne, in which, however. 

^7 u y; ,d “ to- » the P „ rt «;■ 

due to t 1 , V, . eW , ot tl,e wwp^ology of the Polvclads is 

radiaUv^" 8 ; , 1 % baSKl <m the <"»™nptiou that the more 
rndmllj -constructed forms (Kg. 8, A, D) am the primitive 


WAt v* 


3 . Chief forms of Poly clad id a : A C, Acotj’lea ; D-F, Cotylea. A, Ptanoccra 

a 'raiRi Lang, nat size ; B, SlylocJioplana inaculatu Stini|*s x 7 ; C, Cesloplana 
rubrochvta Lang, x J ; D, Anonymus ririlis Lang, x 3, ventral surface ; E, 
Thysanozoon broechii Gnilie, nat. size : the head is thrown liatk and the pharynx 
(nii) is protruded. F, Prosthiostomum sipltunciihu Lang, x 6. Br , Brain; LU, 
re re hr: il eve group ; />Jf, true mouth ; Ky t marginal eyes ; m, mouth ; MG, 
main-gut or stomach ; /', derail papillae ; /'/«, pharynx ; s, sucker (ventral) ; 
T tentacles; UP, dorsal median gut-hraneh. 6 , male, and 9* female, genital 
aperture, except in D, wheru 6 refers to the multiple penes. (After Lang and 

Schmidt ) 
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Classification of Polycladida. 


Family. 


Plaxoceiiidak. 

With dorsal tentacles. 
Mouth sub-central. 


ACOTYLEA. 

Genus* 

Planoccru (Fig. 8, A). 
Imagine. 

Conoecros. 

Sty loch us. 

Stylochoplana (Fig. 8, B). 

JHplnnchux. 

Planctoplana, 

Discccclis. 


Lf.I'TOPLAKIDAK. ( W** 0 ?,. 

Without dorsal tenta- | c /'JPtoc*h*. 
cles. Penis directed ‘t 
backwards. Tngonoporus. 

V. ' Poll 


Cestopeanidae. 

No tentacles. Body 
elongated. Penis 
directed forwards. 

Enantiidae. 

No sucker. No tentacles. 
Main-gut very short. 
External apertures as 
in Eurylcptidac . 


Pohrjtostia (see p. 27). 

Ccstoplana (Fig. a, C). 

In Mediterranean and 
on French side of the 
Chanuel. 


Ena alia. 
Adriatic Sea. 


British Representatives. 

Planoecra folium Grube. 
Berwick -ou-Twced . 

S l y loch op l ana m a c 11 lata 
Quatref. Among brown 
weeds in Laruiuarian zone. 


f Lcp/oplana trcnullans 0. F. 
Mull. 

Z./u/faxQuatref. Plymouth. 
L. drocbachcnsis Oe. Ply- 
mouth Sound. 

Z. atom/Ua O. F. Mull. 
Doubtful species. 


Anonymidae. 
Mouth central, 
tentacles. With 
rows of penes. 


COTYLEA. 


No | 
two] 


Anon yams (Fig. 8, D). 
Naples (two specimens). 


rtfKI'jMM'KKIDAB. ( 

-Marginal tontaclos | ™V*fiuKoon (Fig. 8, K). 
folded. Mouth in | p * eiulo “ro3. 
anterior half. [ 1 


Euuyleptidae. 

Tentacles usually pre- ( Pros, hrecraeus. 
sent and pointed, or C ll clo ponis. 
represented by two- Knr V lf pl>i- 
groups of eyes. Mouth I Wvjocladti*. 
close to anterior cud. btyloshtmutn. 
Pharynx cylindrical. V -*ecros. 


Prosthi ost. .siatidae. 

u entacles absent. Body 
elongated. Pharynx 
ong, cylindrical, 
leins with accessory 
muscular vesicles. 


Proslhioslomui n (Fie 
F). 1 


{ p ‘ostliecemats vittatus Mont. 

) • On west coast. 

/. m-ijvs Qnatref. Guernsey. 
Lycloporus papilla* «.« Lang. 
On Ascidians in 2-30 fins. 
' AurytcptncomutaO. F.Miill. 

( On sj>onges and shells, 
2-10 fins. 

OHgocladvs sau gu t n olentus 
Quatref. 

O. uuritus Clap. Doubtful. 
Sfylustuiuu)n variaOitc Lang. 
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Appearance and Size of Poly clad Turbellaria. — l’olyclads 
are almost unique amongst animals in possessing a broad and 
thin, delicate body that glides like a living jiellicle over stones 
and weeds, moulding itself on to any inequalities of the surface 
over which it is travelling, yet so fragile that a touch of the 
finger will rend its tissues and often cause its speedy dissolution. 
The dorsal surface in a few forms is raised into fine processes 
(. Ptanoccra ciltosa), or into hollow papillae ( Thi/snnozoon- hrocchii), 
and in very rare cases may lx* armed with spines ( Acanthozoon 
nnnxtam } Ennntio, sp ini fern) : in others, again, nettle-cells (uema- 


tocysts) are found (Sti/foc/wpfa nn tnrdn , Anonym ns v iritis). Some 
I’olyclads, especially the pelagic forms, are almost transparent ; 
in others, the colour may he an intense orange or velvety 
black, and is then due to peculiar deposits in the epidermal cells. 
Between these two extremes the colour is dependent upon the 
blending of two sources, the pigment of the body itself and the 
tint of the food. Thus a starved Leptoplana is almost or quite 


white, a specimen fed on vascular tissue reddish. Many forms 

are coloured in such a wav as to make their detection exceed- 

* 

ingly difficult, hut this is probably not merely due, as Dalyell 
supposed, to the substratum furnishing them with food and thus 
colouring them sympathetically, but is probably a result of 
natural selection. 


The largest l’olyclad, the bulkiest Turbellarian, is Leptoplana 
f/iijns (G inches long and 4 in breadth), taken by Schmarda, 
l'ree-swimming, off the coast of Ceylon. The largest European 
form is Psanlwrros maxi inns, 3i- inches in length and stoutly 
built. A British species; Prostheccraeus vittatus, attains a length 
of from 2 to 3 inches. These large forms, esi>ecially the 
I’seudoceridae (pre-eminently the family of big l’olyclads), are 
brightly coloured, and usually possess good swimming powers, 
since, being broad and flat, they are certainly not well adapted for 
creeping rapidly, and this is well shown by the way these 
Polyclads take to swimming when in pursuit of prey at night. 
The size of any individual is determined, amongst other factors, 
by the period at which maturity sets in, after which prob- 
ably no increase takes place, l’olyclads apparently live about 
twelve months, and mature specimens of the same species vary 
from 2 i'K-'h to < 1\ inches in length ( Thysanozoon hrocchii). 


1 Col ling wood, Trans. Linn. Sue. 2 *i*r. vol. i. jit. 3, 1876, i». 83. 
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showing that growth is, under favourable conditions, very 
rapid. 

Habits of Polyclad Turbellaria. — Polyelads are exclusively 
marine, and for the most part littoral, animals. Moreover, there 
is no evidence of their occurrence in those inland seas where 
certain marine animals (including one or two species of other- 
wise characteristically marine Rhalxlocoelida, p. 4G) have per- 
sisted under changed conditions. From half-tide mark down to 
50 fathoms, some Polyelads probably occur on all coasts, but as 
to their relative abundance in different seas we have very little 
accurate information. The southern seas of Europe possess more 
individuals and species than the northern, and probably the 
maximum development of the group takes place on the coasts 
and coral islands of the tropics. 1 No Polyelads have Wen taken 
below GO fathoms : but their delicacy anil inconspicuousness render 
this negative evidence of little value. Six truly pelagic forms, 
however, are known, 2 and these are interesting on account of their 
wide distribution (three occurring in the Atlantic, Pacific, and 
Indian oceans), and also from the distinct modifications they 
have undergone in relation to their pelagic existence. 

Whatever may be the interpretations of the fact, Polyelads 
are notoriously difficult to detect, and this fact doubtless explains 
the scanty references to them by the older naturalists who col- 
lected even in tropical seas. Lang, who worked seven years at 
Naples, added to the Mediterranean fauna as many Polyelads as 
were previously known for all Europe, in spite of the assiduous 
labours of Ins predecessors, Delle Chiaje and Quutrefages. 
Again Hallez, collecting at Wiwereux at low -water, obtained 
some twenty specimens of Leptoplcnia trcnicllaris in an hour, 
while some other colleetors working by his side could only find 
two or three. Yet, even making allowance for the difficulty of 
finding Polyelads, few of them appear to be abundant. 

Lcptoplana tremellaris is frequently associated with colonies 
of Botryllus, and if separated soon perishes, whereas the free- 
iviiig individuals are distinctly hardy (Hallez). A closely allied 
t possibly distinct form lives upon the surface of the Polyzoon 
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Schizoporelln , on the French side of the Channel, and cannot 
long endure separation from its natural habitat, to which it 
is adaptively coloured. A striking case of protective mimicry 
is exhibited by Cycloporus papillosus, on the British coasts. 
This species, eminently variable in colour and in the presence or 
absence of dorsal papillae, is usually a quarter of an inch in 
length and of a firm consistency. Fixed by its sucker to Poly- 
clinid and other Ascidians, Cycloporus appears part and parcel of 
the substratum, an interesting parallel to Latnellaria pcrspicua, 1 
though we are not justified in calling the Polvclad parasitic. 
Indeed, tl lough a few cases of association between Polyelads and 
large Gasteropods, Holothurians, and Echinids are known, 2 there 
is only one case, that of Planocera inqui/ina, 3 in the branchial 
chamber of the Gasteropod Sycotypus canal iculatus, which would 
seem to bear the interpretation of parasitism. The jet-black Pscudo- 
ceros velutinus and the orange Yuiujia aurantiaca of the Medi- 
terranean, are large conspicuous forms with no attempt at con- 
cealment, but their taste, which is not known, may protect them. 
Other habits, curiously analogous with devices employed by 
Nudibranch Mollusca (compare Thysanozoon broccliii with Aeolis 
papiUosa), emphasise the conclusion that the struggle for exist- 
ence in the littoral zone has adapted almost each Poly clad to its 
particular habitat. 

As regards the vertical distribution of this group on the 
British coasts, Leploplana trcmellaris has an extensive range, and 
appears to come from deeper to shallower water to breed.'* In 
the upper part of the Laminarian zone, Cycloporus papillosus, 
and, among brown weeds, Stylochoplana matulata are found. At 
and below lowest water-mark Prostheceraeus vittatus, P. argus, 
and Eimylepta cornuta occur. Stylostomuni variabile and Oligo- 
cladus sunguinolentus, though occasionally found between tide- 
marks, especially in the Channel Islands, are characteristic, along 
with Icptoplana droebachensis and L. fall ax, of dredge material 
from 10 to 20 fathoms. 

Locomotion. — Locomotion is generally performed by Poly- 
dads at night when in search of food, and two methods, creeping 

1 Cambridge Natural History, vol. iii. j>. 74. 

2 Lang, “ ro lye laden," p. 629. 

J Wheeler, Journal of Mondial oyy, vol. ix. part 2, 1894, ]». 195. 

4 Many Nudi branchiate Mollusca undergo this change of habitat. See Garatang, 
Jounuil >f the Marine liiuloyical Assoc, n.s. i. No. 4, 1890, j». 447. 
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and swimming, are usually employed — creeping by the cilia, 
aided possibly, as in the case of some Gasteropod Mollusea, by 
the longitudinal muscles of the ventral surface; and swimming, 
by undulations of the expanded margins of the body. In the 
former case the cilia work in a glandular secretion which bathes 
the body, and enables them to effect their purpose equally well 
on different substrata. The anterior region is generally lifted 
up, exploring the surroundings by the aid of the tentacles, which 
are here usually present. The rest of the body is closely appressed 

to the ground. 

* ■ 

Swimming is particularly well jierformed by the Fseudoeeridae, 
certain species of Prosthccemcus, the huge 1‘lanoceridae, some 
Xtylochoplaim, Ihiococelis, and Leplophnui, and in the same manner 
as in Irploplana Ire mdl arts (p. 9). In Cryptocelis, Leptuplunu 
alcinoi , and L. jwllida, how- ^ 

ever, the whole body executes a 

serpentine movements like an ^ 

active leech (e.g. Neplirlis ) ; a V ' MjK/fcv -p. 

cross section of the body would X>s «w (gHyreh 

thus present the same appear- yviy / jr 

ance during tlie whole move- tt&Srfj) /'j^( 

meat. Many l’olyclads, notably 

Anon yin ha (Lang), if irritated, \7 J] ‘ 

spread out in all directions, \\ - 

becoming exceeding thin and ‘9 

Discocelis lichenoides. Plan- 

ocera gntffii, and Anonymus ^ 

vii'i/is have peculiar modes of Jftj) 

progression. The first, accord- jKjjf 

ing to Mertens, will climb up 

the sides of a vessel by means F, °- *•— THscocelis lichenoides Mert. (nfter 

of tin* av.,on(J u ,l l-i^- „*■ Mortens), creeping on the inner side of a 

01 the expanded lobes of the glass vessel by means or the lobes of the 

pharynx (Fig. 9,^Zt), a habit of extended and exceedingly mobile phar- 

• * . y“x(M). These h>bcd also serve to enclose 

considerable interest, since we Cruuacca («), and one lobe may then 

know that certain Ctenonhores 1>e wi,lldrawi ' iudei>emieutiy of the rest, 

r , . e . * ‘ back iuto the lto*ly (/»). The brain [Or) 

L<ampctia, ior instance pro- and shell -glam I [s-j) are shown by trans- 

gress when not swimming on ,,arvUc3 - 

the expanded lobes of their « stomach.” ' Planocera and Anornyvttfs 

' Chun, “ Ctcuophorcn,” Fauna u. Flora </. r . Neape l, Monogr. I. 1880. 180. 


r . 
'J)fl 


extended and exceedingly mobile phar- 
ynx (ph). These lobes also servo to enclose 
Crustacea (a), and ono lobe may then 
be withdrawn independently of the rest, 
back iuto the body (/>). The brain ( hr ) 
and shell-gland (*/) are shown by trans- 
]>arvucy. 
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creep by extending parts of the anterior margin and dragging 
the rest of the body behind. In consequence, the brain and 
dorsal tentacles may come to lie actually behind the middle of 
the body, and thus no definite anterior end or “head” advances 
first. Along with this curious habit it may l>e noticed (Lang) 
that the radial symmetry of the body is well marked; but even 
without accepting this author’s suggestion of the concurrent 
development of a “head with locomotion in a definite direction, 
the facts, whether these two forms are primitive or not, are 
highly interesting. 

Food. — Though we are probably right in calling l'olyclads a 
carnivorous group, the food of very few forms has been ascer- 
tained. Those which possess a large frilled pharynx (most 
Acotylea) probably enclose and digest large, and, it may be, 
powerful prey, ns appears to be the case in leptuplana trcmel- 
Inrm. Cryptocel is nlva has been seen by Lang with the pharynx 
so distended, owing to a large D'npanopJiorus (Nemertine) which 
it contained, as to resemble a yolk-sac projecting from the under 
surface of an embryo. The Cotylea such as T/iysanozoun, with a 
bell- or trumpet-shaped pharynx, are fond of fixing this to the side 
of the aquarium, but whether they thus obtain minute organisms 
is not clear. Prosthiostomum shoots out its long pharynx with 
great vehemence (Fig. 8, F) and snaps up small Annelids by its 
aid (Lmg). lhose l’olyclads which, as Cyrloporus and others, 
are definitely associated with other organisms are not certainly 

known to feed upon the latter, 
though “ Planaria vdellae ” has 
been seen by Lesson 1 devouring 
the fleshy parts of its host. The 
salivary glands which open on 
the lips and the inner sur- 
face of the pharynx powerfully 
disintegrate the flesh of the prey. 
Fi<>. 10 . — Diagram of tiie musculature, Digestion takes place in the 

S'tl'Tttf maiu-g. 1 t, and the circulation of 

(After Lang.) the food is accomplished by the 

sphinctral musculature of the 
intestinal branches (conf. Leptoplaiui, p. 13). 

A distinct vent or anus is always absent. After a meal the 

1 See Ling, " Pulyelailen, v ji. 607. 
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faecal matter collects in the main-gut, and is discharged violently 
hy the pharynx into the water. In a few species, however, 
the intestinal branches open to the exterior (Lang). Yungia 
< turn h title a , a large and abundant Neapolitan form, possesses 
such openings over the greater part of the dorsal surface ; 
Cf/clojiurim jiapillosus has marginal pores; Oliyoclaclus sanyuino- 
lentus apparently possesses an opening at the posterior end of 
the main-gut; and Thysanozoon brooch ii frequently rends at this 
point, in consequence of the accumulation of food. 

Respiration. — The oxygen of the atmosphere dissolved in 
the sea- water is, in default of a special circulatory fluid, brought 
to the tissues of Polyclads in two ways. The ciliated epidermis 
provides a constant change of the surrounding water, hy which 
the superficial organs may obtain their supply; and the peri- 
staltic movements of the digestive system, aided by the cilia of 
the cndoderm cells, ensure a rough circulation of the sea-water, 
which enters along with the food, to the internal organs. The 
papillae ot Thysanozoon brocehii, containing outgrowths of the 
intestinal branches, are possibly so much additional respiratory 
surface, although still larger forms Mother Fseudoceridae) are 
devoid of such outgrowths. 

Excretion. — The excretory system of only one Polyclad 
( Thysanozoon hrorvJii i ) is accurately known. Lang, by compressing 
light-coloured specimens, found the three parts of the system 
known to occur in many Platyhelminthes : (1) the larger longi- 
tudinal canals, and (2) the capillary vessels, which commence with 
(3) the flame-cells in the parenchyma of the body. The mode of 
distribution ot these parts is not, however, ascertained. The canals 

are delicate, sinuous, apparently intracellular tubes, coursing close 

to the margin of the body and sending offsets which suspend the 
canals to the dorsal surface, where possibly openings may occur, 
n dilatations of these vessels bunches of cilia, and occasionally 
ame-cells, are found. Usually, however, flame-cells occur at the 
commencement or during the course of the capillaries, which are 
8 *■’ rarel 7 branching, tubes of exceeding tenuity, and 

appear (Lang) to he outgrowths of the flame-cells, just as the 
duct is an outgrowth of a gland-cell. In fact there is 'little doubt 
hat the stellate flame-cells are modified parenchymatous glaiul- 
Us, containing a lumen filled with a fluid into which u number 
ci 1 a project and vibrate synchronously. The cells excrete 
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nitrogeneous waste substances, which are then discharged into the 
capillaries, whence the cilia of the main vessels drive them pre- 
sumably to the exterior, though external openings of the excretory 
system are not known. Traces of this system have been observed 
in young Lrplojjlana (first by Schultze in 1854) and also in 
Ccstoplnna. 


Sensation. — A nervous sheath, with scattered ganglion cells, 
everywhere underlies the musculature. It is exceedingly faintly 
marked on the dorsal surface, but laterally and ventrally forms 
a dense network with polygonal meshes. Thickenings of this 
sheath give rise to lateral nerves, and also to a pair of stout longi- 
tudinal nerves from which the internal organs are probably in- 
nervated. The brain, hardly distinct in pelagic Polyclads, in most 
forms does not differ greatly from that of Leptoplana (p. 13). 

The sense organs of Polyclads have the form of tentacles, 
eves, ot ncys ts (in Leptoplana otophora), and stiff tactile cilia! The 
solitl dorsal tentacles of Planoceridae contrast strongly with the 
folded or pointed hollow processes of the Cot y lea. The former 
(Fig. 8, A, T) are muscular and very contractile, and are placed 
near the brain some distance from the anterior end. The latter 


are outgrowths of the front margin of the body, and are some- 
times ( Yunyia ) provided superficially with olfactory pits and 
internally with eyes and intestinal coeca. 

The eyes which occur in Polyclads may be divided into (a) a 
pair of cerebral groups overlying the bruin ; ( b ) those embedded 
in the tentacles (tentacular group) ; and (#■) the marginal eyes, 
which in Anonymus occur all round the margin. A complex 
form is sometimes assumed by the cerebral eyes of Pseudoceridae, 
resulting probably from incomplete fission (Fig. 11). Lepto- 
plaiut otophora was obtained by Schmarda on the south coast of 
Ceylon. On each side of the brain is a capsule containing two 
otoliths. This is the only known cause of the occurrence of 
these organs in Polvelads. 

Reproduction. — Although Polyclads are able to repair the 
result of injuries to a very considerable extent, they are not known 
to multiply asexually. The two processes are intimately associated, 
but, though probably all Turbellaria can regenerate certain lost 
parts, asexual reproduction only occurs sporadically. 

All known Polyclads are hermaphrodite. The male organs, 
scattered, like the testes of Leptoplana . over the ventral surface, 
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develop earlier than the ovaries, though the periods of maturation 
overlap; hence the possibility of self-fertilisation, though remote, 
is still worth consideration. The genital apertures, through 
which, in the male, spermatozoa, and in the female, ova, are 
emitted, are usually situated as in Lcptoplmm (Figs. 2 and 
6 and ? ). In Triyonoporus, a genus once found at Naples, a 
secondary female aperture has lieeu discovered leading into the 
female genital canal 1 ; and in Anonym us, Polypostin, and Thysn- 
nozoon (Fig. 7, E, d) two or more male pores and penes have 
been found. Anonymus has several penes (Fig. 7, lh c r i 
arranged radially round the body. Polypostin, a remarkable form 
described by Bergendal, 2 belonging to the Acotylea, possesses 



Ito. 11. Double eye from the cerebral group of Paeudoeetw maxi mux. (After Ling.) 


about twenty such structures ranged round the female genital 
aperture. Lang, whose attention was attracted by these singular 
facts, made the interesting discovery that Thy $'t nozoo uses its 
penes as weapons of offence father than ns copulating organs, 
burying them in the skin of another Polyclad (J'aaym) that 
happened to cross its path, spermatozoa being of course left in 
u. wouik. Lang further found that Prostheccraeus aJhocinctits 
and Cryptocdis aJba in this way implanted a spermatophoiv in 
the skin of another individual of the same species, and he 
ggeated that from tins point the spermatozoa wandered through 
the tissues tiU they met with and fertilised the eggs. H 
is now known that a similar process of “ hypodermic impreg- 
natiou occurs sporadically in several groups of animals 3 

J r. , _ , " PL 30, Fig. 8. 

3 Wi?Un ' Jri / rra f- SaUrtaiKt* Uandlimjar, 13d. iv. Lund, 1S92-9.I. 

W JaUr,tal Morphology, voUv. 1890. p. 301. 
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Nevertheless, in some l’olyclads it is probable, and in Stylo- 
chus ncupol i tonus it is certain, that normal copulation takes 
place. The sperm-masses are transferred to a coccal diverti- 
culum of the female genital canal, and then by a delicate 
mechanism, of which we know only the effects, one sperma- 
tozoon obtains entrance into one matured ovum, which differs 
from the ova of most Turbellaria in that it contains in its own 
protoplasm the yolk necessary for the nutrition of the embryo. 
In other words, there are no special yolk-glands. After fertilisa- 
tion, the ovum in all l’olyclads is coated witli a shell formed by 
the shell-gland, which also secretes a substance uniting the eggs 
together. They are deposited on stones and shells, either in 
plate-like masses or in spirals (like those of Nudibrauchs). 
Cryptocehs alba lays masses of an annular shape, with two ova 
in each shell, and buries them in sand. 

Development . 1 — The first stages in the embryology of 
Polyclads appear to be very uniform. They result, in all 
Cotylea and in certain Planoceridae, in the formation of a 
Muller’s larva (Fig. 1 2) about a couple of weeks after the eggs 
are laid. This larva (1-1'8 mm. long), which is modified in the 
Planoceridae, is distinguished by the presence of a ciliated band, 
running somewhat transversely round the body, and usually 
produced into a dorsal, a ventral, and three pairs of lateral 
processes. "When swimming the body is placed as in Fig. 1 2, 
and twists round rapidly about its longitudinal axis by means 
of the strong locomotor cilia placed in transverse rows upon 
the processes. The cilia of each row vibrate synchronously, and 
recall the action of the swimming plates of a Ctenophore. It 
is noteworthy that whereas Stylochus pilidiu/n passes through 
a modified or, according to some authors, a primitive larval 
stage, its near ally, *S". neapolitanus. develops directly. Most 

1 A full account of Polyelad development is contained in Lang's “ Poly clatlen," 
with references to the literature of the subject. Since the date of that work (1884) 
the embryology of Ctenophora has become better known, but, though the segment- 
ation of the egg and early stages of development are very similar in both cases, 
the elaborate investigations of E. B. Wilsoil (Joum. Morphology, voL vi. p. 361) 
show that the segmentation of Polychaet worms is again similar. The question of the 
affinities of the Polyoladjda is also discussed by Lang (•' Polycladcn," p. 642 ft srq.). 
The work of the last decade h^s neither proved nor disproved his suggestion that 
tin- Ctenophorcs and Polyclads have been derived from common ancestors. On this 
subject the remarks made by Hatschck ( Lchrbuch <1. Zooloyic, p. 319) arc some of 
the weightiest that have appeared. 
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Acotylea indeed develop directly, and their free-swimming young 
differ from Muller’s larva merely in the absence of the ciliated 
band and in the mode of swimming. 


Via. 1*2. — Section through 
Muller’s larva of 7V#//- 
xonoz brocchii 

(modilied from Lang). 
The right half is seen 
from inside. x 1 fiO. 
Semi-diagrammatic. 
A/\ Brain ; <//, dorsal 
c iliated lobe; <//*, saliv- 
ary glam l -cells of phar- 
ynx ; <\ c\e ; cy>, cili- 
ated epidermis contain- 
ing rhahdites; nn/, 
stomm It or main-gut ; 
w'/i» unpaired gut 
brunch over the brain ; 
wio, " month of larva ; 
n* n |, section of nerves ; 
<’t\ ectodermic pit 
forming oesophagus of 
larva ; paren- 

chyma tilling the space 
between the nlimeutary 

tract and the bodv 

% 

, . wall; y>A, pharynx 

lying in the cavity of the peripharyngeal sheath, the nudei of which are visible : 
slz * lateral ciliated lobes of the right side ; xl ventral ciliated lobe. 


vi 



par 



n 


Fig. 13. — Diagrammatic transverse sections 
of a larval Polyclad nt different stages, 
to illustrate the development of the 
pharynx. (After Lang.) A, Larva of the 
eighth day still within the shell. The 
niaiu-gut(wn/)is still solid, the epidermis 
is slightly invaginated, and a pairof mus- 
cular mesodermic thickenings [ms) are 
present. B, Young pelagic larva. The 
epidermic invagination has declined 
aud develop'd laterally, C, The lateral 
pouches have formed the wall of the 
peripharyngeal sheath, enclosing the 
mesoderm ie, muscular, thickening or 
pharyngeal fold (pA). (Compare Fig. 12.) 
Towards the end of larval life, when 
l lie ciliated processes (s7, Fig. 12) have 
aborted, the stage D is reached. By 
the opeuing outwards of the pharyngeal 
mouth, and w, or external mouth, are 
oesophageal opeuing of the youuger larva. 


>eath (pA.aA) the two apertures (jm, or true 
onned, which together correspond with the 
(Ujinparu the transverse section in Fig. 5.) 


Iolyclads possess an undoubted mesoderm, which gives rise 
to the muscles, the pharyngeal fold, and the parenchyma. The 
ectodenn forms the epidermis, in the cells of which' the rlrnb- 
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dites (Fig. 12) arise, apparently as so many condensed secretions. 
From the ectoderm the brain arises as two pah's of ingrowths, 
which fuse together, and from these the peripheral nervous system 
grows out. Three pigmented ectoderm cells give rise, by 
division, to the eyes — an unpaired cell (Fig. 12, e ) to the cere- 
bral group of eyes, and the other two to the marginal and 
tentacular groups. The copulatory organs apparently arise to a 
large extent as ingrowths from the ectoderm, from which the 
accessory glands (prostates, shell-glands) are also formed. The 
endoderm forms the lining of the main-gut and its branches. 
The pharynx is developed as in Fig. 13, which shows that the 
“ mouth ” of the young larva (C) does not correspond exactly with 
that of the adult (I)). The salivary glands arise from ectoderm 
cells, which sink deeply into the parenchyma. The reproductive 
organs (ovaries and testes) possibly arise by proliferation from 
the gut-cells (Lang, v. Graff). The change from the larva to the 
adult is gradual, the ciliary band being absorbed and the creep- 
ing mode of life adopted. 

Tnrbellaria. II. Tricladida. 

The Triclads are most conveniently divided into three groups 1 : 
(i.) Pahulicola, the Planurians of ponds and streams ; (ii.) the 
Maricola, the Triclads of the sea ; and (iii.) Tcrricola or Land 
Planarians. From the Polyclads they differ in their mode of 
occurrence ; in the elongated form of their body and almost 
constant, mid -ventral position of the mouth ; in possessing a 
single external genital pore (Monogopora) ; and in the production 
of a few, large, hard-shelled eggs provided with food-yolk. 

Occurrence of the Paludicola. — The Planarians of our ponds 
and streams are the most familiar and accessible Tnrbellaria. 
Their elongated, flattened bodies, and gliding movements, render 
them conspicuous objects on the under surface of stones and on 
the leaves of aquatic plants, where they live gregariously. The 
variable Polycclis nii/ra (Fig. 14, H) is very abundant in stagnant 
water and slowly-moving streams, whereas its ally, P. cornnla 
(Fig. 14, G), distinguished by a pair of tentacles, is more local. 
Planaria (iJendrocoeluni) lactra (A), P. puhjchrua (I), P. iurca, 
and P. punctata are not infrequently found together, but the last 

1 Hallez, Tlcvuc Biolotjiquc an Nurd dc la France, * tom- ii. 1889-90. 




^' IG# -] ^ orm8 Triclads, with the distinguishing specific characters of certain 
lJntish forms. A, Manaria laden 0. F. M., x2; B, Manaria a/pina Dana, x 4 
(arter Kennel) ; C, PhagooUa y radii* Leidy (after Wood worth), x ti ; C', the same 
W| t 1 u,t! l'harviiges {ph) extruded; D, Ihnnta idvar 0er.,x4: E, Mamma 

aTi # P l i g# (a,ter Scll,lli,U> - * 4 : F. genitalia of f/i/nc/i/ w/tw (after Wendt) : 
y. Head or /Vv<v/|* rwwiflfc Selim. ; H, head of !>dycclis nigm Ehr. ; I, head of 
(fimrrrf p*4yehn*t Selim. K to N show the distinctive characters of the genital 
I*, H . 1 ^ nigra ; L, Manana polpchroa ; M, PAomrm ; N t 

t t0 rrn Sclniltze (after Iijiuia and v. Kennel). ga y CSeuital atrium; go, 
coinmon genital opening; mgr, “ musculo - glandular oigaii"; mo, “mouth”; 
* ovu uct ; jjc, penis; ph, pharynx ; pgr, pyriform organs of uuknown signiti- 

/aii ; ; J P ' s l^nnatophore lying in (,</) uterus: aL vcsicula seiniualis, 

(All except C and E are found in England.) 


i» characteristic of cold mountain streams, but occurs down to 





3 2 


PLATYIIELMINTHES — TURBELLARIA 


CHAP. 


sea-level in England, the Isle of Man, and Ireland, and from its 
abundance in spring water, probably enjoys a wide distribution 
underground. In the Swiss Alps it has been found at altitudes 
of over 0000 feet, at lower levels in the Rhone, and also in the 
Lake of Geneva. This wide distribution may perhaps be accounted 
for, partly, by its faculty for asexual reproduction in summer, and 
also, by the production, later in the year, of bard-shelled eggs which 
are laid loosely, not attached to stones or plants. 1 But we have 
no really direct evidence of the means of dispersal of this or of 
any of the foregoing species, although they all have a wide 
distribution in Europe. Of extra-European forms the accounts 
that exist are very fragmentary. The only indubitable diagnostic 
character of a Triclad is the structure of its genital ducts, and 
this is accurately known in only a few cases. Several species 
such as Dicotglus pulvinar (Fig. 1G, B), at present known only 
from Lake Baikal, 2 and others (PI anuria mrazelni, P. alhissinia) 
from Bohemia, 3 will doubtless be found elsewhere when they are 
carefully looked for. Phagocota gracilis is a remarkable North 
American form, possessing several pharynges (Fig. 14, C and C ), 
recalling the independent movement of the pharyngeal lobes ot 
Discocelis lichenoides (Fig. 9). 4 

Occurrence of the Maricola. — Little sis we accurately know 
of the distribution of the fresh-water Plauariae, our knowledge 
of the occurrence of the marine iorms is still more limited. 
Gunda ( Procerodcs ) vlvac (Fig. 14, D) is the commonest European 
form, occurring abundantly in the upper part of the littoral zone, 
on the shores of the Baltic. G. segmcntata from Messina has 
been carefully described by Lang,’’ but these are almost the only 
species of Maricola which can lie accurately determined. They 
differ from the l’aludicola in the position of the “ uterus behind 
the genital pore and in the absence of a “ musculo -glandular 
organ” (Fig. 14, F). A special interest attaches to the Bdellouridae, 
a family containing three species, all parasitic on Litnulus horn the 
east coast of America. These remarkable Triclads usually have a 
sucker at the hinder end of the body, by which they attach 
themselves firmly to the cephalo- thoracic appendages and to the 

1 Voigt, Zool. An:. xv. p. 238. 

2 Grube, ArcJiiv f. Naturgetch icJite, 38 Jalng. Bd. i. 1872, l>. 273. 

> Yejdovsky, Zeitschr. f. visa. Zoologic, lid. lx. 189f>, 1>. 200 

* Woodworth, Bulletin Mux. Comp. Zoology, Harvard, vol. xxi. No. 1, 

* ifitth. Zool. Slat. Kcapcl, 1882, |*. 187. 
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gill-plates, upon which the eggs may be found in considerable 
numbers. One species, Syncoclidium pellucid u.m, possesses a pair 
of problematical organs in the hinder part of the body, opening 
to the exterior ventro-laternlly by a couple of chitinous mouth- 
pieces, but having no connexion with the genital ducts. 1 

Occurrence and Distribution of Land Planarians. — The 
terricolous Triclads or Land Planarians are the most interesting 
division of the group. Some forms, such as Bipolium kewense, 
attain large dimensions, being usually 6 to 9 inches in length, 
and specimens fully extended have measured 18 inches. Their 
bodies are frequently banded or striped with brilliant colours. 
Geoplana coerulca Mos. has a blue ventral surface and is olive 
green or dark Prussian blue above. G. splcndcns Bendy, is 
marked dorsally by three stripes of emerald green alternating 
with four dark brown longitudinal bauds. The mode of colora- 
tion, though somewhat variable, is an important specific char- 
acter. Its significance, however, is not clearly understood. The 
colours may be a warning signal, as some Geoplana. at least are 
disagreeable to the taste of man and some birds 2 ; but since 
Land Planarians are largely nocturnal animals, living by day 
under logs, banana leaves, and in other moist and dark situa- 
tions, this explanation is clearly insufficient. Two Geoplana 
have been noticed by Mr. Dendy which seem to be protectively 
. coloured. G. triangulata var. australis occurs abundantly in the 
beech forest in the South Island of New Zealand, and its brown 
back and yellow or orange ventral surface match the leaves around 
its haunts. G. gelatinosa again looks like a mere slimy patch on 
the rotten bark where it is found. In arid districts, during the 
dry season, Land Planarians burrow in the soil and form a cyst, 
in which they lie coiled up, after the nianni? of earthworms. 3 
The glutinous investment of their delicate bodies forms a moist 
medium in which the cilia covering the body (and especially the 
ventral surface) may constantly and evenly vibrate, and by 
which they adhere firmly to their prey. In some tropical Plan- 
anans, in addition to possessing offensive properties, the mucus 
IS so copious in amount and hardens with such rapidity, that 


* ^ llcclcr > Journal of Morphology, vol. ix. 1894 , p. 167 

1895 , "■ 65 ; 

* Darwin, Ami. and May. Nat. Hist. vol. xiv. 1844 ■, 241 

VOL. II ’ 1 

n 
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these Triclads may creep over bJdges of it, and may even be 
blown from one stem or branch of a plant to another, hanging at 
the ends of their threads. 1 


In Europe there are only two or three indigenous Land Plan- 



Fio. 15. — Some Land Planarians found in 
Europe. A, Bipalium ktxotnst Mos. 
x J (after Bergemlal) ; B, Rhyncho- 
demus Urrestria O. F. M., x 2 ; C, 
Otodtsmus bilincaius Metsch., x 2£ 
(after Metschnikoff)- wir, Region of 
mouth ; gp 9 region of genital pore. 


arians, of which Bhynchodtmus 
terrestris O. F. M. (Fig. 15, B) is 
the most widely distributed, and 
has been found in moist situa- 
tions for the most part wherever 
it has been carefully looked for. 
It measures about £ inch in 
length, and is dark grey above, 
whitish below, and bears a pair of 
eyes near the anterior extremity 
(Fig. 15, B). Bipalium kewense 
(Fig. 15, A), which has been found 
in the forests of Upolu, Samoa, by 
Mr. J. J. Lister, has been accident- 
ally imported, from the (unknown) 
districts where it is indigenous, 
with plants and soil to various 
parts of the world — England, 
Germany, the Cape, and also to 
Sydney, where it appears to have 
established itself. In these 
Bipalia living in hothouses, the 
genitalia never appear to attain 
maturity, and apparently multiple 
fission and subsequent reparation 


of the missing parts is the only mode of reproduction. Geodesmus 
bilineatus (Fig. 15, C), which has occurred at Giessen, Wurzburg, 
and Dresden, has, in all probability, been introduced with ferns 
from the West or East Indies. Microplana humicola, described 


by Vejdovsky from dunghills in Bohemia, is doubtfully indigenous. 

In marked contrast with the poverty of the temperate zones 
in Land Planarians, is the abundance and great variety of this 


group in Southern Asia, South America, and especially in 
Australasia, where the rich Land Planarian fauna has been care- 
fully investigated by Spencer, Dendy, Fletcher, and others, in 


1 Shipley, J'roc. Camb. Phil. Soc. vol. vii. pt. 4, 1891 (with literature). 


I 


TRICLADIDA 


35 


certain parts of Victoria, New South Wales, and New Zealand. 1 
About forty species of Planarians have been discovered on the 
Australian continent, thirty-five of which belong to the pre- 
dominant genus Gtoplana, distinguished by the presence of 
numerous eyes along the border of the simple anterior extremity. 
Of the remaining five, four belong to the genus Rhynchodemns, 
with, lastly, the introduced Bipalium kewense. The distribution 
of any one species, however, is so limited that only three forms 
are common to the two former colonies ; and although some of 
the twenty known New Zealand Planarians (chiefly species of 
Gtoplana), are identical with Australian species, yet only one, or 
possibly two, varieties of these species are Australian also. In 
addition to their prevalence in Australasia, the Gcoplanidac also 
occur in South America, South Africa, Japan, and the East Indies. 
The Bipaliidae are characteristic of the Oriental region, being 
found in China, Borneo, Bengal, and Ceylon. The Rhynchodc- 
midae are a cosmopolitan family, occurring in Europe, North and 
South America, the Cape of Good Hope, Ceylon, the East Indies, 
Australia (particularly Lord Howe Island), and Samoa. 2 

Habits and Structure of Triclads.— The common Planaria 
Dendrocoelum ) lactea, which usually progresses by ciliary action, 
aided, it is said, by muscular contractions of the ventral surface 
performs, if alarmed, a series of rapid “ looping ” movements, by 
affixing a sucker (Fig. 14, A, sc), placed on the under side of the 
head, to the substratum, and pulling the posterior end close to 
this^ The sucker, discovered by Leydig, is even better developed 

m Ppunctata ( Fl & 16 > A )» P- mrazekii, and P. cavatica, and is 
an efficient adhering-organ which has probably been developed 
rom a similar but simpler structure found in a considerable 
number of both fresh-water and marine Triclads (P. alpina Fig 

rm Pr0babIy the Sucker of fche ^ lunarian Cotyloplana 
(D) is the same structure, but the two suckers of Dicotylus (B) 

are at present unique. Planaria dioica, found by ClaparMe on 

the coast of Normandy, 8 is covered with minute adhesive papillae, 

MiS™' ROV ' S0C ' ViCt ° Ha fr ° m 1889 ° DWard3 - ZcaM Institute, 


Id - Journ - Mier - Sei ■ vo1 - 
Afiev - 1887 > *• 71 * «• 

1895, 1 >. 53. uiten, Hfl. 1 , p. 131 ; Beddard, Zoogeography , 

• BubaMungm «. Anal . Entmiclcl „„ ^ ^ ^ ^ [g 
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similar to those of certain Rhabdocoelida (e.g. A fonotus, Fig. 19, 
11), enabling it to cling tightly to the Zostera, and so to resist 
the loosening action of the waves. 

ihe movements of Land Planarians are somewhat peculiar. 
The ventral surface of Bipalium has a median groove, into 
which the ducts of numerous mucus-glands open. This is 
bordered by two ridges clothed with long and powerful cilia, 
which perform the chief part in propelling the animal, aided, 
according to Lelmert, 1 by muscular waves which pass from the 



Flo. 16. — Suckers of Tri- 
clads. A, PI ana ria 
punctata Pall. , a, dorsal 
surface of head ; b t ven- 
tral surface (freely mov- 
ing) showing the sucker ; 
c, sucker contracted 
(after Hallcz) : B, ven- 
tral surface of head of 
Dicotylus pulvi. ur Gr., 
from Lake Baikal (after 
Grube) : C, dorsal sur- 
face of Procot if lea Jturi - 
at it is Gir. (after Girard) : 
D, sucker of Cotyloplana 
whitclcyyci Sp. (after 
Spencer) : E, ventral 
view of head of Plan- 
aria alpina Dana (pre- 
served specimen) ; hy, 
adhering groove ; #/i, 

thickened musculature 
forming the margin of 
the sucker ; sc t sucker ; 
/, tentacles. 


head, backwards, i.e. opposite in direction to those by which a 
snail slides along. This observation, however, needs confirma- 
tion. The whole body executes sinuous movements, during which 
the crescentic head, lifted slightly above the ground (Fig. 15, A), 
is constantly altering and regaining its normal shape, somewhat 
as a Planaria lactea uses the lobes of its head. Further ex- 
animation shows that the margin of the head of Bipalium. is not 
only provided with eyes, but in addition, with ciliated, (probably) 
olfactory pits. Such depressions, innervated directly from the 
cerebral ganglia, have been found in sixteen species of Geoplana, 
1 Archivf. Nalurgcschichle, 57 Jahrg. Bd. i. Hft. 3, 1891, p. 308. 
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and in one or two species of Rhynchodcmus } Some Lind 
Planarians (a species of Rhynchodcmus from Ceylon, and a 
Dolichoplana from the Philippines) wriggle out of a box or the 
hand with great speed (Moseley). 

The skin of Triclads is full of minute rods or rhabdites, 
which are shot out iu great numbers when the animal is irritated, 
and doubtless serve an offensive purpose. The Terricola possess 
two kinds of these: (1) needle-like rods; and (2) in Bipalium 
kewense, flagellated structures, bent into a V-form and with a 
slender thread attached to one end (Shipley). In Geoplana 
coendea these bent rods furnish the blue colour of the ventral 
surface. The rhabdites arise in all Triclads in cells below the 
basement-membrane, which they are said to traverse in order to 
reach the epidermis, thus differing in origin, and also in struc- 
ture, from the rods of Polyclads. 

Pood. Triclads are largely if not wholly carnivorous animals, 
feeding upon Annelids, Crustacea, Insects, Insect-larvae, and Mol- 
luscs. The mouth is usually mid- ventral or behind the middle 
of the body, but in the anomalous Leimacopsis terricola Sehm. 
rom the Andes 2 and in Dolichoplana it is near the anterior end 
The pharynx (Figs. 17, 18, ph) is cylindrical or bell-shaped, 
exceedingly dilatable and abundantly supplied with glands and 
nervous tissue. It opens into the three main intestinal branches 
one of which runs in the median plane forwards, the others back- 
wards nght and left enclosing a space in which the genital ducts 

nr l7 ^' The fresh - water Planarians prey upon 

0 igochaeta, Hydroplulidae (aquatic beetles), and the commoner 

p nd-snails. Bipahum keweme pursues earthworms, seizes the 

vTnteal ' 7 ° f th / “ r end glutinous section oft 
central surface and then proceeds to envelop part or the whole 

ovethTbod W ‘ ft ^ Ph “7 nx ' which is etched a tl.in skin 

the latter nl ' ™ ggllUg VKy ^ hnert )- The tissues of 

urLth IT 1 °, lntestme 0f thc Planar “ n . and distend it 

f AW ■ ‘ “ mea1 ’ Which lasts from on® to five home 

ofaU Z may re ““ m for three mo,lths with0Kt seeking food' 
GjoJna nibterranea, a white eyeless form from Bmzii L'Zl 

b^n Zn a b^Z7„ r-' lhn ™^ in their burrows, and has 

} ritz Muller sucking the blood out of a young 

, ‘ Dendy, Proc. Roy. Soc. Victoria , vol. J v . n s i 1892 
Schmarda, iftw unrbclhsc Thicrc, Leipzig, 1859, I. i p.‘ 30. 
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worm. 1 Geoplana typhlops , a Tasmanian species, is also blind, 
and pursues worms, as does G. triangulata (Dendy). In Trinidad, 
von Kennel ‘ 2 observed that land-snails (Subulinae) were the food 
of certain Land Planarians, the name of which, however, he does 
not state. The pharynx was employed to suck out the soft parts 
of the snail even from the upper whorls of the shell. 

Reproduction. — In Planaria lactea the numerous testes (Fig. 
17, te) are placed both above and below the alimentary canal 
throughout the greater part of its course. The membrane 
of each gonad is continued into a minute vas efferens, which 
unites with those of neighbouring testes. Two vasa deferentia 
(y.d) arise thus on each side, one from the posterior, the other 
from the anterior testes of the body, and open into the vesiculae 
seminales (v.s), which may be seen in the living animal as tortu- 
ous whitish tubes at the sides of the pharynx (Fig. 14, A). These 
open into the penis (Figs. 14, A ; 17,^c), a large pyriform organ, 
the apex of which, when retracted, points forwards, projecting 
into the penial cavity. When this apical portion is evaginated 
and turned inside out, it is of considerable length, and is able to 
pass into the long slender duct of the uterus (ut) of another 
individual. The penial sheath ( ps ) is part of the genital atrium 
(ys), which is developed as a pit from the skin, and invests the 
end of the genital ducts, the mouth of the pit forming the common 
genital pore (y o), through which both male and female genital 
products are emitted. 

There are two ovaries ( ov ) placed far forwards, between the 
third and fourth pairs of intestinal coeca. The oviducts (ovd) lie 
just over the lateral nerves, and have a slightly tortuous course, 
at each outward bend receiving the duct (yo) of a yolk-gland 
(yy), so that ova and yolk are already associated when the oviducts 
open by a short unpaired tube into the genital atrium. The 
yolk-glands develop rapidly, 3 and when fully formed are massive 
glands occupying the spaces between the intestinal branches and 
the testes which are then aborting. The so-called uterus ( ut ), 
apparently at first a diverticulum of the genital atrium, expands 

1 Abhandl. d. Nalurf Ocsell. zu Halle , Bd. iv. 1857, p. 33. 

2 Arb. Zool.-Zoot. Instil. Il'iLrzbury, Bd. v. 1882, p. 120. 

3 Woodworth (loc. cit. p. 38) states that in P/uiyomta the yolk-glands ariso 
by proliferation from two parovaria, placed just in front of the ordinary ovaries. 
Iijima, however ( Zritschr . f. wiss. Zuol. Bd. xl. 1883, p. 454), regarded them as 
derivatives of the parenchyma. 




FlG. 17. — Diagrammatic view of the 
structure of Planaria (Dendro- 
coelton) lactca. x 7. The hotly 
has been cut across and a por- 
tion removed. In the posterior 
half the alimentary tract of the 
left side is removed and the 
uterus, penis, and muscular »i an 
sliced open horizontally. The 
nervous system is represented by 
black, and the yolk -glands by 
dotted lines. br y Braiu ; ey t eye 
with leus and optic nerve ; go y 
external genital aperture for both 
male and female products ; gs y 
genital atrium ; lg y paired lateral 
intestinal branch ; fn, longitudinal 
nerve ; mg y unpaired anterior 
intestine, the branches of which 
are cut off close to the main 
6tem ; mgr , eversible 11 musculo- 
glaudular organ ” ; wo, nerve-cells 
in the pharynx ; mi, lateral 
nerve -twigs ; ws, nerve -sheath ; 
or, ovary ; ovd y oviduct ; pe y 
the eversible penis, the corru- 
gated inner white portion of 
which is the apex ; ph y pharynx ; 
phs t pharyngeal sheath ; pr y 
“ prostate M or granule-gland (re- 
presented by dotted lin opening 
into the penis) ; ps t penial sheath ; 
te 9 testes ; to y tactile lobe of the 
head ; ut y 44 uterus ” opening into 
the genital atrium just above 
mgr ; vd 9 vasa deferentia ; rs, 
vesicula seminalis ; yg y yolk- 
glands ; yo y openings of the yolk- 
ducts into the oviducts. 
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behind the pharynx into a receptacle lined by long glandular 
columnar cells, which, however, are not all of the same kind. 
Hie uterine duct opens into the atrium just above the aper- 
ture of a problematical, eversible, “ musculo- glandular ormm ” 

{mgr). ° 

fertilisation appears to occur in the uterus, where ova, yolk, 
and spermatozoa, or (in P. torva) spermatophores (Fig. 14, N, sp), 
are found. The formation of the cocoon in Planaria lactea is 
probably begun in the “uterus,” but is undoubtedly completed 
in the genital atrium. In P. polycliroa , however, the stalked 
cocoon is formed wholly in the “uterus” Thus we tind two 
types of cocoons in different species of the genus Planaria 
associated with two types of reproductive organs (Hallez) : — 

I. I lanariae in which the two oviducts open separately into 
the posterior part of the duct of the uterus. A musculo-glandular 
organ is absent. The cocoons are spherical and stalked. Ex- 
amples — Planaria polycliroa (Fig. 14, L), P. albissima, P. 
yonocepltala. 

II. Planariae in which the two oviducts open by means of an 
unpaired duct into the genital atrium. A musculo-glandular 
organ present (. Planaria torva (Fig. 14, N), P. mrazekii, P. lactea , 

P. cavatica), or absent (P. alpina, Fig. 14, M). The cocoons 
are sessile. 


The genitalia of the Maricola (Fig. 14, F) and Terricola do 
not differ very much from those of Planaria. The uterus (greatly 
reduced in the Land I'lanarians) lies behind the genital pore, 
and several ova, together with much milky yolk, are enclosed in 
a capsule which is formed in the genital atrium. 

Asexual Reproduction . 1 — It has long been known that fresh- 
water Planarians have not only great powers of repairing injuries, 
but that they use this faculty in order to multiply by transverse 
fission. Planaria alpina and Polycelis cornuta, in summer, 
separate off the posterior part of the body, and this ultimately 
becomes an entire individual. P. albissima, and especially P. 
subtentaculata, anticipate matters so far, that before fission is 
complete, the new individual has a head nearly fully formed. 
1 he new organs are largely regenerated in both parent and young, 


1 1 lie extensive literature on this subject is fairly completely summarised by 
Voigt in Biol . Ccntralblatt , vol. xiv. Nos. 20, 21, 1894. Furaduy’s observations 
(cf. p. 6, note 6) have been generally overlooked. 
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apparently by the division and specialisation of scattered em- 
bryonic cells in the parenchyma. The asexual reproduction of 
Land Planarians is not fully proved, though it is known that 
they repair injuries to the body completely, and that Bipaliuui 
kewense is often found in hothouses, divided into fragments which 
regenerate all the organs of the parent, but like the latter, do not 
mature their sexual organs. 

Excretion. — The excretory organs of Triclads consist of flame- 
cells, canaliculi, and a pair of longitudinal canals, the external 



™* I o' _ ^ TT ‘, i ' d i f, f ramm ati c vicw of the excretory system of Planaria laclea. (Partly 
after Chlckoff.) cun. Capillary network on )>otli dorsal ami ventral surfaces ; 
branches of the intestine ; l,j, lateral branches of the digestive system ; In, lonci- 
i| BCrV * \ ph ' P , ho r yn , x > with intermuscular capillary excretory network arising 

erteiuT? 1 n 'r rk ,^ <J> ' P riuci P nl vcsse,s of the excretory system, the 

xternal opening of which is not certainly known ; vs, vesicula seminalis. 


openings of which, have not been satisfactorily ascertained. The 
1 ame-cells are difficult to detect in Planaria lactca, and the latest 
o server, Chickoff, 1 was unable to see tliem, although to him we 
are indebted for figures of this system in P. lactca (Fig. 18) 
an . a pina (P. montana). In the latter, the 11 ame-cells are 
is met, and may open directly into the two main canals or 
irec y t irough unbranclied canaliculi. The pharynx possesses 

ma/ >eCia 7 excre tory tubules communicating with the 

in n C ^ 7 ia 8 similar Bystem has been described and figured 
in Gunda segmentuta by Lang. 2 

\ irurT'/i B i 0l0,jie ' tom - xii. 1892, !». 437. 
lath. Zool. stal. Ncapcl, Bd. iii. 1882, p. 187. 
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Classification of Tricladida. 


Family. 

Planakiidae 


Procerodidae . 
( = Gundidae). 

Bdeli.ouridae . 


PALUDICOLA. 

Genus and British Species. 

PI a na ria lactca O. F. M., P. punctata Pall., P. polychroa 
Schra., P. torva M. Sell., P. alpina Dana. 

Polycclis nigra Ehr., P. comuta Schm. 

Anocclis. 

Otigocclis . \ Doubtful 
Procotyla . J genera. 

Sorocclis. 

Dicot y l us. 


MARICOLA. 

Proccrodcs ( = Gunda) ulvac Oersted, P. littoralis van 
Beneden. 

Ccrcyra. 

UUrtporus. 

Bdclloura. 

Syncoelidium . 


TERRICOLA. 

Bipaliidae . . Bipalium kewense Moseley (introduced). 

Gkoplanidae . . Gcoplana. 

G codes mus. 

Rhynchodemidae . Bhynchodchius terrestris O. F. M. 


Belonging to undeter- / Polycladus. 
mined Families 

Lcimacgpsis. 


Dolichoplana . 
Polycladus . 

^ Microplana. 


Turbellaria. IIL Rhabdocoelida. 

The Rhabdocoelida include a very heterogeneous assemblage of 
usually minute Turbellaria, distinguished collectively from the 
Polyclads and Triclads by the form of the digestive tract. This 
is a simple or slightly lobed sac, except in the Bothrioplanidae, 
which in this and many other points closely resemble the 
Triclads. It is to the straight, rod-like nature of the alimentary 
canal that the name of the group refers. The size and form of 
the body, and the structure of the pharynx and genitalia, vary 
within wide limits. 

The Rhabdocoelida are subdivided into three tribes : — 

(1) Acocla, in which a sub-central mouth and pharjmx are 
present, but lead into the parenchyma of the body, not into an 
intestine with proper walls. An excretory system has not 
hitherto been seen. Yolk-glands are absent. An otolith under- 
lies the brain. The Acocla are marine. 
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(2) Rhabdococla, which possess a complete alimentary tract 
separated from the body-wall (except for a few suspensory 
strands) by a space or body-cavity, filled with fluid. This space 
is sometimes ( Vortex virulis ) lined by an endothelium of flattened 
parenchymatous cells. There are two compact testes, which are 
enclosed (as are the ovaries and yolk -glands) in a distinct 
membrane. An otolith is present in some genera and species. 
Terrestrial, fresh-water, marine. 

(3) Alloeocoela, in which the body-cavity is greatly reduced. 
Except in the Bothrioplanidae, the gonads have no distinct mem- 
brane. Testes numerous ; yolk-glauds present. Marine with a 
few exceptions. 

Occurrence and Habits of the Rhabdocoelida. — The 


Acoela are usually minute, active Turbellaria abounding amongst 
weeds throughout the lower half of the Littoral, and the whole 
of the Laminarian zone, but are most plentiful in the pools 
exposed during spring-tides on our coasts, especially on the shores 
of Devonshire. The species of ffaplodiscus, however, aud Convoluta 
lienseni are modified pelagic forms found in the Atlantic Ocean. 1 
Convoluta par adoxa (Fig. 19, B) is the commonest British species, 
t is from 1 to 9 mm. in length, and of a brown colour, marked 
above by one or more transverse white bars. The brown colour 
ia due to a symbiotic alga, the nature of which has not been 
thoroughly investigated. In an allied species, however (C. 
ro&cofferisis ), from the coast of Brittany, the alga, which is here 
green, has been carefully examined by Professor Haberlandt, 2 and 
i appears from his researches that the algae form a special assimi- 
mg tissue, enabling the Convoluta to live after the fashion of 
? ^ ® osc °ff> these elongated green Convoluta live 

Lf 1 l m n 6 ** ndy tide -P° ols > full y exposed to the sun's 
tile surfs*™ Vfv 6 a mass of weed floating at 

light are ne° 6 W . ater ‘ Access to the atmosphere and to sun- 
form the ™ y. order to ena Me the assimilating tissue to 

Not only has h/ ^^’^P 011 whi eh this form lives exclusively, 
(loss of memh 6 * itself undergone such profound changes 
of r h”s« rt' H y t0 Uve inde P e ”dent5y alter the dearth 
from aWl R nr t- , ls ® ui8e nature (a tissue-cell derived 

Y anCe8tor8 )' but the Co Jl vol lU a has also undergone con- 

B ohmig £ r ^, rf. Plankton Expcdit ion, Bd. ii. H. g. 1895. 
von Graff, Du Acocla, Leipzig, 1892 . Appendix 



44 


PLATYHELMINTHES TURBELLARIA 


CHAP. 


comitant changes, in form, in the loss of a carnivorous habit, 
and in the development of marked heliotropic movements, thus 
adapting itself to an holophytic or plant-like mode of nutrition. 
Nevertheless the Acoela, as a group, are carnivorous, feeding 
upon Diatoms, Copepoda, and small Rhabdocoela, the absence of 
a digestive tract indeed being probably more apparent than 
real . 1 

The Rhabdocoela live under varied conditions. One form, Pro- 
rhynchvs sphyrocephalus, has been found among plants far from 
water in the neighbourhood of Leyden, by De Man . 2 With this 
exception the group is purely aquatic, and though a few genera 
and even individuals of the same species occur both in salt and 
fresh water, whole sub-families and genera are either marine or 
paludicolous. Among the latter, Mesostoma, Costrada, Vortex, and 
Derostoma are common in brooks and ponds, especially at certain 
times, often only for one month (May or June) in the year. 
Species of Macrostoma, Stenostoma, and Microstoma are also 
abundant in similar places. Two latter occur in chains formed 
by fission ; but the sexual individuals (which are of dis- 
tinct sexes, contrary to the usual hermaphrodite condition of 
Flat Worms) only appear at stated times and are not well 
known. A large number of genera are purely marine, and one 
family, the Proboscidae (distinguished by having the anterior 
end invaginated by special muscles and converted into a sensory 
organ), is entirely so. The most cursory examination of littoral 
weeds reveals species of Mcicrorhynchus, Acrorhynclius, Promeso- 
stoma, Byrsophlebs, and Proxenetes, the character of which may 
be gathered from von Graff s great monograph, or from Gamble’s 
paper on the “ British Marine Turbellaria.” 3 Much, however, 
still remains to be done before we possess an adequate idea of 
the occurrence of this group on our coasts. 

Some Rhabdocoels are parasitic. Fec amyia erythrocephal a, 

1 The development of the Acoela has been worked out recently by Mdlle. Pereyas- 
lawzcwa ( Zapiski Novoross. Obshch. Odessa, 17 Bd. 1892) and Gardiner (Journal 
0 f Morphology, xi. No. 1, 1895, p. 155) with conflicting results. The former finds 
four endoderm cells, which give rise to a larval intestine. The Acoela are for her, 
Pscudacocla. Gardiner, on the other hand, finds no trace of an endoderm at any 
stage of the development of Polychoerus caudatxis. 

i Tijdschr. Nederland . Dierk. Ver. Deel ii. 1875. 

3 Von GraflT, Monographic d. Turbcllarien : I. llhabdococlidcn , 1882. Gamble, 
Quart. Joum. Microscop. Science , vol. xxxiv. 1893, 433. 
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which occurs in the lacunar spaces and alimentary canal of young 
\ . sh o re crabs (Care inns rnaenas), is a white cylindrical animal 
I } inch long, with a red snout. After attaining maturity it 
works its way out ot the ciab and encysts under stones, 
forming a pyriform mass in shape like a “ Prince Rupert's drop.’’ 
' WMin this case the eggs develop, and the young probably 
emerge through the or>en nar. 


emerge through the open nar- 
row end of the hard white 
) tube, but how they reach the 
\\ crab is not known. Graffilla 
J \muricicola is found in the 
I kidney of Murcx brandaris and 
M. trunculus, at Naples and 
Trieste ; G. tcthy dicola in the 
foot of Tethys. Anoplodium 
parasilicum occurs among the 
muscles which attach the 
cloaca of Holothuria tubulosa 
to the body - wall ; and A. 
schneideri occurs in the sea- 
cucumber, Slichopus variegatus. 
These are truly parasitic forms, 
constituting a special sub- 
family. They have no rhab- 
dites in the skin ; the nervous 
system and sense-organs are 



only slightly developed; and A c o 

the pharynx has undergone Fla - l9«-Forms ° f RhaMocoeiMa. a , fa. 

J . uuuergone a stoma tetragonum 0 . F. M. (Rlinbdococln) 


x 10 ; B, Convalulaparadoxu Oe, (Acoeln), 
x 10; C, Vmiiccros auricuUitum 0. F. M.» 
x 6 ; D, Man ot tts ftiscus Oe. ( AHococoeln j! 
x 4. ap, Adhesive papillae ; d, intestine ; 
*n> pharynx ; ot, otolith ; rh } rlmlxUtes • 
tts testes ; ut % uterus with eggs ; yn. Y olk- 
glands; 6 t mole, ?, female genital poies. 
(A after Brauu.) 


notable reduction in relation 

to the simpler mode of obtain- 
ing nourishment. Other cases 
of association between certain 
Rhabdocoels (closely allied to, 

* f nofc identical with, certain 

LaraelUbra " 0h3 °r Sea-urchins, are, how- 

»vL of » f nA Th " S ° n tUe S il13 mantle 

test Of CV„: iM r 0f U U f llus ’ Cypn™. Tdlina, and upon the 

cyprinae 1L ^ ** £nterostoma Acmostoma 

probabk tw « °Z I* 11 ™** have been found - But ^ is 

these Turbellana here obtain merely a temporary 
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shelter and possibly a supply of the food of the mussel or sea- 
urchin. 

The Allocococla afford a well-established case of association. 
Monotus fuscus (Fig. 19, D), an abundant, active, elongated animal, 
lives on our coasts in the upper part of the littoral zone among 
Patella, Balanus, and sometimes Chiton. When the tide is low, 
the Monotus, to obtain moisture and darkness, creeps between the 
mantle - folds of these animals, where it may readily be found. 
Upon the return of the tide it leaves its retreat and creeps or 
swims about freely. Other Alloeocoela collect in great numbers 
in tufts of red-seaweeds (Florideae). By placing such tufts in 
vessels, the sea-water, especially as darkness sets in, begins to 
swarm with Cylindrostoma 4- oculatum , species of Enterostoma 
and Plagiostoma ; P. vittatum, with three violet bands across the 
white body, being a particularly obvious form. Vorticeros auri- 
culatum (Fig. 19, C), another abundant species, is remarkable for 
the long tentacles which can be completely withdrawn, and in 
this condition it completely resembles a Plagiostoma. 

The presence of a species ( P . leinani ) of the characteristically 
marine genus Plagiostoma, in the Lake of Geneva, and in one or two 
other Swiss lakes, at depths varying from 1 to 150 fathoms, is very 
interesting, and is perhaps the only well-established case of the 
survival of a once marine Rhabdocoelid under changed conditions. 
Plagiostoma lemani is by far the biggest of the group to which it 
belongs, being over half an inch in length. It is usually found in 
fine mud, sometimes among Chara hispida, and has the general 
appearance of an inactive white slug. We are indebted to Forel 
and Duplessis for the discovery of this species, and also of 
Otomesostoma morgiense, a Meso stoma with an otolith, dredged in 
10 to 50 fathoms in the Lake of Geneva, the Lake of Zurich, and 
found recently also by Zacharias in the Riesengebirge. The genus 
Bothrioplana, first found by Braun in the water-pipes of Dorpat, 
has been carefully investigated by Vejdovsky, 1 who places it in 
a special family, Bothrioplanidae, among the Alloeocoela. One 
species has recently been found near Manchester. 

A comprehensive survey of the Rhabdocoelida shows that, 
with the chief exception of the Broboscidae, the more lowly 
organised forms, the Acoela and Alloeocoela, are marine, whereas 
the fresh-wuter forms are in most cases the most highly organised 

1 Zciljchr. f. tciss. Zoolofjic , Bd. lx.. 1895, p. 188. 
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genera (il fesostoma, Vortex). But Macrorhynch-us hdgolandicus, 
though minute (15-2 mm. long), lias a more complex structure 1 
than any other species of the specialised marine genus to which 
it belongs, and is a remarkable instance of great complexity 
being associated with small size. 

Reproduction. — The Rhabdoeoelida present the greatest 
diversity in the development of the reproductive system. The 
Acoela and Alloeocoela have the simplest arrangement. Scattered 
testes, often without a distinct membrane, form the spermatozoa, 
which in most cases wander into parenchymatous spaces, but 
in Monoporus rubropunctatua and Bothrioplana, into distinct vasa 
deferentia. In both groups a protrusible penis opens inde- 
pendently to the exterior, and may be simply muscular or provided 
with a chitinous armature. Two ovaries are present, and the 
oviducts, if distinct, are continuations of the ovarian membrane. 
In most forms a “ bursa seminalis,” which receives the sperma- 
tozoa of another individual, is appended to the female genital 
canal. In many of the Alloeocoela, however, a portion of the 
ovary is sterile, and its cells, forming a yolk-gland, feed the 
fertile portion, the whole structure being then spoken of as a 
germ-yolk-gland. In many others (Monotidae) this sterile part 
has become an independent yolk-gland, which communicates by 
yolk-ducts with the oviducts. The Acoela form no egg-case the 
body of the parent becoming a bag for the ova, which elaborate 
their own food -yolk. The Alloeocoela lay hard -shelled eg<r S 
which are produced in Bothrioplana and Automolos by the activity 

and interaction of reproductive organs, resembling closely those 
ot certain Triclads. 2 


The Khabdocoela exhibit every stage in the development of a 
complex reproductive system, from the simple ovaries and testes 
of a Microstoma or Macrostoma, to the intricate system of ducts 

“m A* *7"**“*“ (IToboscidae), in Ihicl, IT* 
or^M chlfl° “ ' °"\ The °<»“Pli<^ons of the copulatory 

S“ht .I 7 ^ Way “ Which the spermatozoa am 

fern, 0 /-? 1 “ Wlth a nu ‘ritive prostatic fluid, or are 

formed into spermatophores ; and also from the penial armature. 


M rv^iac, ; “” J Jens « n " Zilcm 

rlpl?'. ‘K. r ZL U »‘l’” aTI“ ° f 5’ , * bd “ 0 " iJ * 'on Gr.IT, 

. rue acoela ; .ndBolna.g, ZtiuCr./. Z m l. Bd. li. 189,, ,, 107 . 
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which is often very complex, and may consist of a curved chitinoid 
hook or a coiled loop ( Promesostoma ), of hooks (Proboscidae), or of 
an intricate arrangement of plates ( Proxenetes ) ; or the penis may 
take on a complex corkscrew-like form ( Pscudorhynchus ). The 
(frequently armed) female genital canal usually possesses a bursa 
seminalis for the fertilisation of the eggs, but a receptaculum 
seminis or spermatheca may serve for the reception, the bursa, 
for the lodgment of the spermatozoa of another individual The 
fertilised ovum is provided with a supply of food-yolk and with 
a shell, which may be formed in a special diverticulum, the 
“ uterus.” The development of these organs strains the resources 
of the animal to the utmost, and in some Proboscidae the 
alimentary canal is squeezed out and disintegrates, in order to 
make room for them. 

A few Mesostoma (M. ehrenbergii, M. productum, M. lingua ) 
produce two kinds of eggs — thin- and thick-shelled. The latter 
are laid throughout the summer, and lie dormant through 
winter. The young which hatch in spring out of these 
“ winter ” eggs develop rapidly, and when only 7 to 8 mm. long 
(i.e. one- third the size of the parent) already possess functional 
genital organs; the penis, however, is rudimentary, and incapable 
of being used for copulation. Hence it is probable that this 
stunted progeny self-fertilise their thin-shelled or “ summer eggs. 
After the formation of these eggs the same parent is said 
(Schneider J ) to produce thick-shelled or winter eggs, but how- 
ever that may be, the first young which hatch from the thin- 
shelled ova are produced in great numbers at a time (April to 
May) when food is abundant. These grow rapidly to the full 
size, and then having attained maturity, cross- fertilise one 
another’s ova, which become encased in a thick brown shell ; and 
it is these numerous “ winter ” eggs that lie dormant through- 
out the autumn and winter. Many Mesostoma, and practically 
all other Rhabdocoela, however, produce only thick-shelled eggs, 
and in all cases it is probable that to these many species owe 
their wide distribution, the exact range of which is, however, 
unknown, as is also the means of dispersal. 

1 Unlcrsuchuiujcn ii. Plalyhclminthcn , Giessen, 1873, p. 101. 
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Classification of Rhabdocoelida. 


Family. 

PltOPOHIDAE . 


Aphaxostomatidae 


MaCBOSTOMAIIDAE 


Micbostomatidae 


PROBBYKCHIDAE . 


Mesostomatidak . 


PnOBOSCIDAE 


VOL. II 


ACOELA. 

Genus and British species. 

. Proponts v cncnosiis O. Sch. Plymouth. 

Monoporus rubrvpunctatus 0. Sch. Plymouth. 
Hoplodiscus . 

. A phanostoma <li versicolor Oe. Common. 

A. clcyans Jen. Plymouth. 

Convolula salient Grir. Plymouth, Millport. 

C. parcuhxa Oe. (Fig. 19, B). Common. C. flam- 
lacxUum Jen. Plymouth, Port Erin, Millport. 
Amphicocrus. 

Polychocrus . 

RHABDOCOELA. 

. Mccynostoma. 

Macrostoma hystrix Oe. Stagnant water. 

Omalostoma . 

a Microstoma lincarc Oe. Fresh water. 

' o. 9 roet ** u tk*n Lev. Plymouth, among Ulva. 
Stcnostoma ( CaUnula ) Icmnac Dug. Near Cork. 

o. Icucops 0. Sch. Common in fresh water 
Alaurina claparcdii Grtf. Skye. 

. Prorhynchu s stagnate M. Sch. In Devonshire rivers. 
Pronusostouui marnwratum M. Sch. Common. 

.T o 'o?- R n ' jilc Lev ‘ I’Uinouth. P. 
solta 0. Sch. Plymouth, Port Ei ' P. lot den- 
ial urn 0. Sch. Port Erin. 

. Byrsophlcbs graft'd Jen. Plymouth, Millport. 

B. intermedia Grff. Millport, Port Erin. 

Proxcnetes flabclli/er Jen. Millpon, Plymouth, Port 

Arm, 

P. cochlear Grff. Millport. 

Otomcsostoma . 

Mesosloma produelum Leuck., M. lingua 0 Sch V 

°- F - "• 

ftamdum Grff. Both at M 'lport. ' 

C^da!da 0Sl °" ln * Crao,uUum °- ««»*■ Heston. 

"“ftrtM.” ***" Mi "l *• Amlr e w s , 

f;!Hn!l Cl<J Z laiUlia t S iIctSCh - "’cst coast. 

ytzxszsz*?** st - Au. 

*ltt££XS£ m - r g ££*- rort &i “- 

E 
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VORTICIDAE . 


SOLENOPHARYNOIDAF. 


Plaoiostomatidae 


Bothrioplanidae 


Monotidae . 


Schultzia. 

Provortex balticus M. Sell. Generally distributed. 

P. affinis Jen., P. rubrobaci l lus Garab. Plymouth. 
Vortex truncatus Ehrbg. Abundant in fresn water. 

V. armiger O. Sch. Millport (fresh water). V. 
schmidtii Grff., V . millportianus Grff. Millport. 
V. viridis M. Sell. Generally distributed. 
Jensenia. 

Opistoma. 

Derostoma unipunctatum Oe. Edinburgh. 

Graffilla . 

Anoplodiuvi. 

Fecampia crythroeephala Giard. Plymouth, Port Erin. 
Sole nopharynx. 


ALLOEOCOELA. 

Acmostoma. ^ _ 

Plagiostoma dioicum Metseh., P. elongatum Oamb., r . 
psendomaculatum Ganib., P. sagitta Ulj., P • cauda - 
turn Lev., P. siphonophorumO. Sch., P. ochroleucum 
Grff. All at Plymouth. 

P. sulphureum Grtf. Port Erin. P. vittatum F. and 
Leuck. Millport, Plymouth, Port Erin. P. korenx 
Jen. Plymouth, Millport. P . girardi O. Sch. 
Plymouth, Port Erin, Valencia. 

Vorticeros auriculatum O. F. M. (Fig. 19, C). Port 

Erin, Plymouth. V. lutcum Grff. Plymouth. 

Entcrostoma austriacum Grff. Plymouth, Port Enn. 

E. Jingalianum Clap. Skye, Plymouth. E. coecum 
Grff. Millport. 

Allostoma pallidum van Ben. Millport. 

Cylindrostoma i-oculatum Leuck. Skye, Millport, 1 ly- 
mouth. 

C. tner me Hall, C . elongatum Lev. Plymouth 

Monoophoru m striatum Grff. Plymouth. 

. Bothrioplana. 

Bothrittplana sp. ? Manchester. 

Otoplana. 

. if onot us lineatus O. F. M., M. fuscus Oe. (Fig. 19, D). 
Both common littoral forms. 

M. albus Lev. Plymouth. , 

Automolos unipunelatus Oe. Skye, St. Andrew , 

A . horrid us Gamb., A. ophiocephalus O. Sch. Ply- 
mouth. 
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CHARACTERS OP TREMATODES HABITS AND STRUCTURE OF TREMA- 
TODA ECTOPARASITICA (MONOGENEA) LIFE-HISTORIES OF 

POL YSTOM UM INTEGER Rl 51 UM, DIPLOZOON PARADOXUM, AND 

OYRODA CTYLUS ELBOANS TREMATODA ENDOPARASITICA 

(DIGENEA) OCCURRENCE AND HABITS OF DIGENEA LIFE- 

HISTORY OF D18T0MUM M A CROSTOMUM DISTOMUM 1IEPAT1- 

CUM AND ITS EFFECTS BILHA RZI A HAEM A TOBIA BISEXUAL 

TREMATODES TABLE OF HOSTS CLASSIFICATION. 


From the Turbellaria we now pans on to a consideration of the 
second gr^tt subdivision of the Platyhelminthes, the Trematodes 
or flulres, of which the " liver-fluke " is the best known, since 

alimbT ” ^ m ° St dangerous P srasit *s that infest domestic 

It has been pointed out that the Polyclads, Triclads, and Ehab- 
docoels are carnivorous, and that in each of these groups sporadic 
cases of parasitism occur. / In other words, whfn the~ prey lS 
much larger than the Tukillarian, the latter tends to Lime 

(Graffilla etc ) that- th* ’ • k 13 0nly m 80me Rhab docoels ) 

Compare the TWtodes, pp. 4-5. — 
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Vertebrate. Some Trematodes lodge in the mouth ; others wander 
down the oesophagus into the stomach or intestine, where they 
fix themselves to the mucous membrane. Again, others work 
their way into the digestive glands by the ducts, and thus 
become further and further removed from the external world, 
and more adapted to live in the particular organs of that host 

. ( The most important result of the 
adoption of this internal habitat by endoparasitic Trematodes 
is, however, seen in their life-history. If a liver-fluke were to 
deposit its million or so of eggs in tlfe bile-ducts of the sheep, 
and these were to develop in situ, the host could not withstand 
the increased drain upon its vital resources, and host and para- 
sites would perish together. Hence it is clear that the infection 
of a second host by Trematodes is highly necessary, whether 
they be ectoparasitic, in which case the infection is easily effected, 
when two hosts are in contact, by the adult worms, as well as when 
they are apart, by free-swimming larvae., In endtJparasitic Trema- 
todes it is brought about by the migration of the young to the outer 
world, their entrance into a, usually. Invertebrate host and their 
asexual multiplication within it, and th'e capture and deglutition 
of this “ intermediate host ” by the final Vertebrate one. Within 
the latter the immature parasites find out the organ in which their 
parents flourished, and here they too grow and attain maturity. 
The chances of any one egg of an endoparasitic Trematode pro- 
ducing eventually an adult are, therefore, far less favourable 
than in the case of an 'ectoparasitic form. ( In other words, while 
the former must lay a great number’’" ofNsmall eggs, the latter 
need only deposit a (comparatively) few large ones) and this fact 
has a corresponding influence on the structure oT the genitalia 
in the two cases. The Digenea, which employ two hosts in a 
lifetime, have accordingly a different generative mechanism from 
that of the Monogenea. The great need of the latter is a power- 
ful apparatus for adhering to the surface of the body of its host ; 
while the adaptations which the endoparasite requires are, in 
addition, (1) protection against the solvent action of the glands 
of its host, (2) the power of firm adhesion to a smooth internal 
surface, and (3) the ability not only to produce a large quantity 
of spermatozoa and ova, but in the absence of a fellow-parasite, 
to fertilise its own ova ; and we find these conditions abundantly 
satisfied. 


in which they best flourish 
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Trematoda monogenea ( cctoparasitica ). 

There are four subdivisions of the Monogenea : — 

I. Temnocephal idae, with four to twelve tentacles, and one 
sucker posteriorly (Fig. 20). 

II. Tristomatidae, with two lateral, anteriorly-placed suckers. 
Oral suckers are absent, a large posterior sucker is constant, and 
is often armed with hooks (Fig. 22, C). 

II L Polystomatidac, with, usually, two oral suckers and a 
posteriorly-placed adhesive disc armed with suckers and hooks 
(Figs. 23 and 24). 

IV. Gyrodactylidac (Fig. 29). 


Habits and Structure of Ectoparasitic Trematodes. 

I. Tcmnocephcilidae. — These interesting forms, of which a good 
account has lately been written by Haswell, 1 occur on the surface 
(rarely in the branchial chamber) of fresh-water crayfish and 
crabs in Australasia, the Malay Archipelago, Madagascar, and 
Chili. Others have been found on the carapace of a fresh-water 
tortoise, and in the branchial chamber of the mollusc Ampnllariu 
from Brazil. Wood-Mason discovered others, again, in bottles 
containing spirit -specimens of Indian fish. Temnocephala is 
rarely more than a quarter of an inch long, and looks like a 
minute Cephalopod or a broad flattened Hydra. By the ventral 
sucker each species adheres to its own particular host, the ten- 
tacles being used as an anterior sucker for “looping” move- 
ments. The food, consisting of Entomostraca, Botifera, and 
Diatoms, is first swallowed whole by the large pharynx (Fig. 20 

Ph) : Wh ' ch Can be P^truded tlirough the ventraUy-placed mouth! 
and is then received into a simple lobed intestine (d). The skin 
especially on the surface of the tentacles, is provided here and 
there with patches of cilia borne by the cellular epidermis — 
the only undoubted case of external cilia occurring in an adult 
Trematode. Minute rhabdites formed in special gland -cells 
pbafafuUy on the tentacles, and are another distinctly 
Fi^W 811 f Ur f f The excret0I 7 system is peculiar (Fig. 21). 

open to C tL Pr T fr T tHe Vari0US 0rgans of the bod X- and 
pen to the exterior by means of a pair of contractile sacs 

ifonoyrapk of(h* Temnccephaleac. Macleay Memorial Volume. Mem. 
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placed on the dorsal surface. Each sac is a single cell, and 
within it not one merely, but several “ flames,” or bunches of 
rhythmically contractile cilia, are present. These are placed on 
the course of excessively fine canals, which perforate the proto- 
plasm of this cell. The terminal branches of the excretory canals 
end in branched cells, apparently devoid of “ flames.” 

The reproductive system is very similar to that of certain 



FiO. 20. — T cm noccphala novae -zealandicu Fio. 21. — The same from the dorsal surface, 
Has. x 10. Ventral view to show the to show the excretory system (double 

digestive and reproductive systems. line), and the nervous system (black 

(After Haswell.) and shaded). (After Haswell.) 

d, Intestine ; din, dorso- lateral nerve ; dn t dorsal nerve ; ex.o, excretory aperture on 
dorsal surface ; ex.s, terminal excretory sac ; in, mouth ; ov, ovary ; ord, oviduct ; 
ph , pharynx ; rfu, rhabdites ; rh.c, cells in which the rhabdites are formed ; rv, yolk 
receptacle ; sc, sucker ; sh, shell-gland ; te, testes ; ut, uterus ; vagina ; t in, 
ventral nerve ; vs, vesicula seminal is ; yd, yolk-duct ; yg, yolk-gland. 9, 6, common 
genital pore. 

Khabdocoela An armed penis and the female genital duct 
open into a genital atrium, and this by a single aperture 
($,d, Eig. 20) to the exterior. The fertilised ovum and yolk 
are enclosed in a stalked shell formed in the uterus. 

The interest and importance of the Temnocephalidae lies in 
the fact that they are almost us much Turbellaria as Trematodes. 
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In habits, in the character of the skin, the muscular, digestive, and 
reproductive systems, they find their nearest allies in Rhabdocoels 
(Vorticidae). But in the excretory and nervous systems, the 
latter composed of two dorsal, two lateral, and two ventral trunks 
all connected together (Fig. 21), they are Tristomid Trematodes. 
Thus they may fitly connect an account of the two great groups. 

II. Tristomatidae and III. Polystomatidae } — The members of 
these families are found on the body, or attached to the gills, of 



Fio. 22. ■ — A, N'cmatobothrium 
JUarina van Bened. Nat. 
size. Two individuals (a and 
b) are found together, encysted 
on the branchial chamber of 
the Tunny. B, Udonella cali- 
gorum Johns. A Tristomid, 
several of which are attached 
to the ovary of a Copepod 
(Caligus), itself a parasite on 
the gills of the Hake, x 8. 
C, EpibdtUa hippoglossi 
O. F. M. A Tristomid found 
on the body of the Halibut. 
Nat. size, m , Month ; ms, 
lateral suckers ; or, ovary ; ps> 
posterior sucker; tt y testes. 
(All after P. J. van Beneden.) 


fresh-water and marine fishes. The edible and inedible fish of 
our coasts have each their particular ectoparasitic Trematodes ; 
while the Minnows, Sticklebacks, and Miller’s Thumbs of streams 
and ponds are attacked by Diplozoon, Gyrodactylus, and other 
forma The aquatic Amphibia also harbour a number. Polystomum 
integernmum is common in the bladder of Frogs, where it leads 
a practically aquatic life. Other species of Polystomum inhabit 
the buccal and nasal cavities of certain Chelonia, but naturally 
no terrestrial Vertebrates are infested externally by these Trema- 


Braun, in Bronn s Klassen «. Ordn. d. Thurreichs, vol. iv. p. 407, gives a valu- 
ta e summary o our knowledge of this group. For figures, see van Boneden and 

doJAcad. ray. * BdgiqU., tom. Ixxiv . JM4> ,,p. 1-169. A 

r n e° ^ ><!r ( " t l 0 J' no r t ic tables) on Japanese Monogenea, by Goto, Joum, 
C,U. So,. Japan, vol, viii. pt 1, 1894, has recently appeared. 
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todes. The blood and epithelia of the host are sucked, and to 
this end the pharynx has frequently a chitinous armature to aid 
in the abrasion or inflammation of the tissues upon which the 
parasite feeds. In the case of a Sturgeon attacked by Nitzschia 
elongata, a Tristomid, the mouth of the host appeared to be 
highly inflamed by these attacks (v. Baer). 


The suckers, in the two 



Fla. 23. — Oc/obothrium merlanyi Kuhn, 
from the gills of the whiting. x 
8. in/, Intestine ; ms, mouth ; sc 
suckers with cliitinoid armature ; yk 
yolk-glands. (After v. Nordmaun.) 


families under consideration, vary 
in number and complexity. There 
is always a powerful apparatus at 
the hinder end of the body secur- 
ing the Treinatode firmly to the 
slimy body or gills of its host, and, 
usually in the Polystomatidae, a 
pair of suckers at the sides of the 
mouth accessory to the pumping 
action of the pharynx. In Axine, 
and to a less extent in Octo- 
bothrium (Fig. 23), the suckers 
are strengthened by a complex 
hingework of cliitinoid bars or 
hooks, which serve as insertions 
for the muscles of the suckers, 
and thus increase their efficiency. 

The mouth is invariably pre- 
sent just beneath the anteriorendof 
the body. It leads into a muscular, 
pumping pharynx (Fig. 24, pit), 
and this into a bifurcated intes- 
tine which ends blindly. The 
two openings of the excretory 
system lie on the dorsal surface 
(as in Temnocephala), and the 
excretory canals branch through 
usually in “ flame-cells.” The 
resembles that of Tem.no- 
Upon the brain one or even two pail's 

may persist throughout 

North 
epidermis is 
the nuture of 


the substance of the body, ending 
nervous system is highly developed, and 
crphala (Fig. 21) in detail, 
of eye-spots are present in the larvae, and 
life. Tactile setae occur in Spliyranura , a parasite of the 
American Amphibian Necturus, but a cellular 
apparently rendered impossible, perhaps from 
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the mucus in which the body is bathed, or to the attempts of the 
host to free itself from these parasites ; and hence an investing 
membrane is present, which morphologically is either a modified 
epithelium, or a cuticle formed by the glandular secretion of the 
parenchyma. 

The reproductive organs of the Polystomatidae may be under- 
stood from I'igs. 24, 27, and 28. At the point of union of the ovi- 



Fig. 24. — Polystamxnn integer - 
rimum Froh., from the 
bladder of the Frog, and 
seen from the ventral sur- 
face. The alimentary 
canal is black, the white 
dots upon it being the 
yolk-glands. dvi, Ductus 
vitello - in test iualie (pro- 
bably homologous with 
the Laurer’s canal or 
“ vagina ” of Digenea) ; 
eh, hooks of sucking 
disc ; int, intestine ; vt, 
mouth ; or, ovary ; pe, 
penis ; ph, pharynx ; sc 9 
suckers with an embryonic 
hook persisting in each ; 
fc, testes ; ut, uterus with 
eggs ; iy uj, left vagina ; 
vd, vas deferens ; yd, 
yolk - duct ; y 9t yolk- 
glands ; 6 9, common 
genital aperture. (Modi- 
fied from Zeller. ) x 8. 


of the nlL V , e T " e ducts nnd the commencement 

inte me „ n ,, ( ) r Slender duct is «**•** °P ens into the 
intestme, and u known as the •* vitello-intestinal canal ” (Fig. 24, 

as the “canal’ Tt T1 'j S dUCt lmS a PP arent1 ) - the “me relations 

Ins t 0 Z ° " e v ° f Digenea ' «*P* on iy that the latter 

Ktinal cl T"" eCtlj ’ In connex i°n with this vitello- 

nS Men Vagl " a i8 P resent - whi <* i“ Pohjstomnm and 

most Monogenea rs paired (Fig. 24, rag). i„ PiplJan and in one 

1 See LeUCkar t. ••ParasilcH," Bd. »i. p. 238. 
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or two other forms, however, unpaired The vagina receives the 
penis of another individual during copulation (Fig. 2 6), and does not 
appear to have an homologue in the liver-fluke or other Digenea. 

Life-Histories of the Polystomatidae . 1 — Polystomum integer - 
rimum. After the mutual fertilisation of two individuals, the 
eggs are laid in the water by the protrusion of the body of the 
parent through the urinary aperture of the Frog. About 1000 
eggs are laid in the spring at the rate of 100 a day for ten 
days. After about six weeks, the larva (-3 mm. long) hatches 



Fia. 25 . — Eggs of MonogencA. A, Eggs of Encotylabc pagelli v. Ben.-Hes se ; B, eggs 
of Udonella pollachii v. Ben. -Hesse (with young forms just hatching out) ; C, egg 
of Microcot yU labracis v. Ben. -Hesse. (After van Beueden and Hesse.) x 50. 

out, and swims about freely by means of bands of large ciliated 
cells (Fig. 26, A); but if it does not meet with a tadpole within 
twenty-four hours, it dies. Should it, however, encounter one, 
the larva creeps along it in a looping fashion until it approaches 
the opercular spout, or opening of the branchial chamber, on the 
left side ; into this it darts suddenly, fixes itself, and throws off 
its cilia. Here it remains eight or ten weeks, feeding, in- 
creasing in size, and forming the suckers from behind forwards. 

1 Zeller, Zcitsehr. f. unss. Zool. xxii. 1872, jfp. 1, 168 ; also Bd. xxvii. 1876, p. 
238 ; xlvi. 1888, p. 233. 
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At the time of the tadpole’s metamorphosis, the young Polystomum 
works its way down the pharynx into the oesophagus and along 
the intestine, till it reaches and enters the opening of the bladder. 
Three years afterwards it becomes mature. 

Sometimes, however, Polystomum experiences another fate. The 
larvae settling down on the external gills of a young, recently- 
hatched tadpole, and obtaining a 
richer supply of blood than in the 
previous case, grow far more rapidly, 
so that in five weeks they are mature, 
although still in the branchial 
chamber of the tadpole. They do 
not then wander into the aliment- 
ary canal, but usually, having dis- 
charged their eggs, die at the time 
of the tadpole’s metamorphosis. 

Still more interesting, however, is 
the difference between the genitalia 
in these and in the normal Poly- 
stomum. In contrast with the latter, 
these possess (1) one testis and a 
rudimentary penis ; and their sper- 
matozoa differ in structure and 
shape from those of the normal 
Polystomum. (2) The vaginae are 
absent, a fact connected with the 

absence of a functional COpulatory Flo. 26 .-Polyslonum i nUgerrimum. 
organ. (3) In compensation for A, Free-swiroraing larva, seen from 

the loss Of these, a duct connects Two mature individuals in mutual 

the single testis and the point of 
union of oviduct and yolk-ducts, 
and by this self-fertilisation occurs. 

(4) The uterus is absent ; the 
“ootype” or duct into which the 
shell -gland opens, communicating 
directly with the exterior. In (1) and (4) these aberrant Poly- 
stomum resemble P. ocellatum, from the Tortoise Emys europaea . 

Diplozoon paradoxum . — The life -history of Diplozoon is 
unique. For whereas the larvae of most animals grow up, 
each into a single adult, in Diplozoon, of the few larvae that 



- — — — ^ « - — » ^ ^ 

coition attached to the bladder 
of a Frog, x 5. (After Zeller.) 
d, Intestine ; ex.o t excretory pore, 
dorsal in position, seen here by 
transparency ; q/, eye-spots ; 
frontal glands ; w, mouth ; ph, 
pharynx ; sd 9 adheriug disc ; vag % 
vagina. 



—til 



Fig. 27. — A, Egg of Dip - 
lozoon paradoxum v. 
Nord., consisting of a 
shell enclosing or, the 
actual ovum, sur- 

rounded by ye, the 
yolk -cells; B, larva 
just hatched ( x 125) ; 

C, two Diporpa (I 
and II) about to unite ; 

D, conjugation in pro- 
gress but not yet 

complete, dt , Dorsal 
papilla ; e , eye ; g, in- 

„ testine ; m , mouth ; sc, 
ad-oral sucker ; th 9 
spirally-wound thread 
attaching the egg to the 
gill of the Minnow ; 
vs, ventral sucker ; (in 
D) I, I, one Dipirrpay 
ventral view; II, II, 
the other, dorsal view. 
(After Zeller.) 


I Ant. dorsal 


II Ant. ventral 



Flo. 2$. — Hinder part of the 
body of Diplozoon para- 
doxum . The fusion of the 
two Diporpa , where they 
come into contact, is now 
complete. They now cross 
each other like an X, and 
are twisted, so that Diporpa 
I, in front of the point of 
fusion, is seen from the 
dorsal surface ; behind, 
from the ventral surface ; 
and the reverse is the case 
with Diporpa II. The 
compound animal is seen 
from the opposite surface 
to that shown in Fig. 27, 
D. The digestive and 
excretory organs are 
omitted. (After Zeller.) I 
Ant. dorsal , dorsal surface 
of Diporpa I, facing the 
anterior end ; I Post, 
ventral , ventral surface of 
Diporpa I, posterior end ; 
and similarly for II Ant. 
ventral and II Post, dorsal. 
d % Piece of the intestine showing opening of, gic, vitello-intestinal canal ; ov 9 ovary ; 
ord f point of union of female genital ducts ; sc, suckers ; te, testis ; i it (in Diporpa 
I), “ootype” or chamber into which shell-glands open. This is continuous with the 
uterus {ut) of iJiporpa I ; uto, ventral opening of uterus ; vag , vagina, with vd 9 vas 
deferens, permanently inserted into it through the genital pore ; yd 9 yolk-ducts ; yg , 
yolkglauds. 


II Post, dorsal 


I l*ost. ventral 


f 9 M 1 1 / r 
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survive the dangers of their free-swimming existence, only those 
become mature which conjugate permanently with another indi- 
vidual. But although there are thus only half as many adult 
Diplozoon as there were conjugating larvae (or Diporpa, as they 
were called when they were considered distinct forms), yet the 
total number of eggs produced is probably as great as if each 
larva became individually mature. 

Diplozoon paradoxum lays its eggs on the gills of the Minnow, 
which it frequently infests in great numbers. The ovum divides 
rapidly at the expense of the yolk-cells, and in a fortnight a 
larva (-2 mm. long) of the shape and complexity shown in Pig. 
27, B, hatches out, which, however, succumbs if it does not 
meet with a Minnow in five or six hours. 


Should it survive, a dorsal papilla, a median 
ventral sucker, and a second pair of posterior 
suckers develop. Thus the Diporpa stage 
is attained. These Diporpa may acquire a 
third and even a fourth pair of suckers, and 
continue to live three months, but they only 
develop and mature their repi-oductive organs, 
if each conjugates with another Diporpa 
(Fig. 27, C, D), and this only occurs in a 
small percentage of instances. Each grasps 
the dorsal papilla of the other by its own 
ventral sucker, thus undergoing a certain 
amount of torsion. Where the two bodies 
touch, complete fusion occurs, and, as shown 
in Fig. 28, the united Diporpa (or Diplo- 
zoon, as the product is now called) decussate, 
each forming one limb of the X-shaped 
Diplozoon, within which the two sets of 
complex genitalia develop (Fig. 28). 

, ^^‘yM^—GVrodactylus (Fig. Re. 29. 

tv), tne structure of which is in many dtgan* v. Noni., from 

ways peculiar, produces one large egg at a Sf 

time. An embryo, in which the large and manu,) * 125 - e,nb ' 

smaller hooks of the adhesive disc can be seen EmLry °- 

T fr ° m thia 6gg wMe 8tm within the body of the 

The details TfV, glV6 rm *° yet another generation within itself. 

0 e process have not, however, been well ascertained. 
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Trematoda digenea ( endoparasitica ). 

Occurrence and Habits of Digenea. — Endoparasitic Trema- 
todes have been found in almost all the organs of Vertebrate hosts 
excepting in the nervous, skeletal, and reproductive systems. The 
alimentary canal, however, is the most usual habitat. From the 

buccal cavity to the large intestine, or 
even to the cloaca, its different regions 
are the resorts of various Trematodes. 
No Digenea have been found in the 
mouth, pharynx, or oesophagus of Mam- 
mals ; but in Birds, Reptiles, Amphibia, 
and especially in Fishes, these parts are 
largely affected. It is a striking fact 
that Trematodes should occur in the 
stomach of (chiefly) large predaceous 
fishes, such as the Pike, Sharks, the 
Angler-fish, and others, considering the 
powerful digestive action of the gastric 
juice of these carnivores. The peculiar 
nature of the defence which must be 
Fio. 30. — Distomum ltdeum v. employed by the parasites against this 

XT .'XVrJi V'Z dig-Uve action, becomes still more 
excretory vessels, x 50. marked when it is considered that if a 

wh ic if" the*term: i n ai 'co ut !rac- Trematode normally living in the stomach • 
tile duct opens — the finer G f one host be transferred to that of 

ini, intestine ; m, mouth- another, it is usually speedily digested, as 

sucker; ph, pharynx; vs, j s shown (p. 65) in the case of Distomuvi 
ventral sucker. (After la r , 

v alette.) macrostomum. from these considera- 

tions the suggestion has been made that 
the cutaneous secretions of these Trematodes must act, not only 
as a protection against digestive or other ferments, but that the 
action in each case must be a specific one (Frenzel, Braun). 

It is, however, in the small intestine that most Trematodes 
occur, as the examination of the common Frog 1 will readily 
demonstrate. Both this and the edible Frog are attacked by a 
dozen Distomatidae, only a few of which, however, are common 

1 An excellent and beautifully illustrated account, by Looss, of the Dis- 
tomatidae of Frogs and Fishes may be found in Leuckart and Chun’s Bibliotheca 
Zoolotjica, Heft 16, 1894. 
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to both hosts, and a number of Holostomatidae also pass a stage 
of their development within these Amphibia. Some idea of the 
extent to which animals, whose habits lead to infection, may be 
attacked by Trematodes (to say nothing of Cestodes and Nema- 
todes, which often occur also) may be gathered from the fact that 
in dissecting a black stork, Nathusius found several hundred 
Holostomum excavatum and about a hundred Distomum ferox in 
the small intestine, twenty-two D. hians in the oesophagus, five 
others in the stomach, and one D. eckinatum in the intestine. 
Snipe, Woodcock, Sandpipers, Dunlin, Gulls, Bittern, Geese, and 
Wild Ducks are, to mention a few cases, greatly infested by 
members of this group. 

The following Trematodes have occurred in man > : — 


Distomum hepalicum Abild. 

„ lanceolatum Melilis. 

„ conjv.nd.um Cobbold. 

„ spathulatum Leuckart ( = 

D. einense Cobb., D. 
japonicum R. Blanch.). 

„ ralhouisi Poir. (probably = 

D. crassum Bask, D. 
buskii Lank.). 

„ heterophyes v. Sieb. 


Distomum pulmonale Biilz ( = D. 

ringeri Cobb., D. xoester- 
manni Kerb.). 

„ oculi humani Ammon ( = D. 
ophthalmobium Dies.). 
Monostomum Untie v. Nord. 
Amphistomum hominis Lewis and 
M'Connell. 

Bilharzia haomatobia Cobb. 


Life-histories of the Digenea, — The classification of Trema- 
todes according to their life-histories, expressed in the divisions 
Monogenea and Digenea, though a very useful one, breaks down 
entirely in the case of certain forms. Thus the life-history of 
Gyrodactylua is probably digenetic rather than monogenetic. Aspi- 
dogaater conchkola , 2 which lives in the pericardial cavity of the 
fresh-water mussel (possibly the only case of a Trematode becom- 
ing normally mature in an Invertebrate host, since other species 
of Asjndogaster live in Chelonia), produces larvae which enter 
another Anodonta and develop directly into the sexual form. In 
other words, Aspidogasler, though structurally a digenetic form 
possesses a life-history which is direct and simple, i.e. monogenetic.’ 

The Holostomatidae, which live in birds of prey and 
aquatic birds, give rise to eggs from which a minute larva 
escapes. The fate of this aquatic larva is not directly known, 

TraiUd^zlf P< Z? i ‘r. d : Men3chen > “Trematoden,” 1892-94; R. Blanchard, 

Vro? J “• Bl WMd ’ **« f” 1894 of Nebraska Stale 
Jioard of Agrtc. Lxncoln, U.S.A. 1895, p. 225. 

a Huxley, Anal, of Invert. Animals, 1877, p. 194. 
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but in all probability after entering a host (Fish, Amphibian, 
Mollusc), it undergoes a gradual change into what has long been 
known as a Tetracotyle, from the frequent presence of four 
m „ (sometimes only three) adhering organs. 

Fig. 31 exhibits a species which is abun- 
dant in the lens and vitreous humour of 
the eye of the Perch. Its further history 
is not known, but presumably the Perch 
is presently devoured by the final host in 
which the Diplostomum attains maturity. 
d Thus the Holostomatidae are “ metastatic ” 
(Leuekart), their (probably) direct develop- 
ment requiring the presence of two hosts. 1 
The other Digenea, the life-histories ot 
^ which are known, belong to the Disto- 

Fio.31. — i)iplostomwn(Tetra- matidae ana Amphistomatidae, and we may 
cotyU) voitens. (After distinguish the steps by which the com- 

£ S2SS* excretory plex life-history of the liver-fluke (Vis- 
vesicle ; d, intestine ; e, tomum hepaticum) has been brought about, 

cretory >U tubules*; by a consideration of that of Distomum 

excretory aperture; yl, ma crOStOtnU?7l. 

oral sucker ; ph’ JHstomum rruicrustomum. — This form 
pharynx ; vs, ventral occurs i n the intestine of several common 

Passerine birds. It is remarkable not only 
for the large oral sucker, but also on account of the position of 
the common genital pore at the hinder, and not as usual, at the 
anterior, end of the body (Fig. 32, A). The eggs pass out 
through this pore, and are discharged with the bird s excrement. 
Should a certain snail ( Succinca putris ) happen to rasp off the 
epidermis of a leaf upon which the faeces have fallen, the eggs 
are swallowed and a minute active larva is set free (lig. 32, B). 
This penetrates through the thin wall of the digestive tract of 
the snail, and passing into the connective tissue, throws off its 
cilia and assumes the shape of Fig. 32, C. This sporocyst, as the 
larva is now termed, grows rapidly in ull directions (Fig. 32, D) at 
the expense of the snail’s tissues, until it becomes impossible to 
separate parasite and host completely. Those branches which 

» Braun, Bronn's Thicrreichs, Bd. iv. p. 792 ; Leuekart, ParasUen d. -tfciwefon, 
11 Abth. p. 158 ; Brandes, in Spcngels Zool. Jahrb. Syst. Abthexl. Bd. v. 18» . 
p. 849 ; v. Nordmann, Mikr. BcUr. i. Berlin, 1832. 
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lie superficially in the cephalic region of the snail become greatly 
swollen, cylindrical, and contractile. They are banded with green 
and white, ornamented with red terminal spots, and pulsate rapidly. 
Hence these fertile branches of the sporocyst (which in this con- 
dition was known as Leucoehloridinm paradox tan, Fig. 33, B) 
naturally attract the attention of insectivorous birds, which peck 
off the tentacles of the snail, and with it the swollen sporocyst- 
branch. A sphincter muscle closes the cut eud of the fertile sac 
when the birds bill nips it off. The sac contains large numbers 



Fio. 32.— Life-liistory of Distomum 
mttcroslommn Rud. A, Immature 
Distomum (really a tailless Cer- 
atria) found In the swollen ter- 
minal parts of Leucochhtridimn 
(Fig. 33, B) and enclosed in two 
protective membranes, x 40 ; B, 
larva which hatches out of the 
egg of D. macrostomum , x 125 ; 
C, the metamorphosed larva 
(sporocyst) fourteen days after 
having entered Succinea pntris, 
a«d pierced through its intes- 
tinal wall ; D, actively growing 
sporocyst. (After Heckert.) jo, 
Genital aperture ; int, intestine : 

,noulh sucker ; nervous 

system ; ov, ovary ; ventral 

sucker ; U, testis. 


Mastomeres of the em , reserve,! for t’lP' f " "PP' ,reutI y 

merely set the Distomes free f olf tliem-otot-" 1 ’ 0 ' Wra 

it b. , IUK ro*to ni , M ,r^nr- ,,m v t ^ 

vol. ii Required the parasite when they were 
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nestlings by the unintentional agency of their parents . 1 The 
snail regenerates its lost tentacles only for the sporocyst to again 
bucl off fertile branches into them. 

The egg of this Distome thus gives rise to a larva which 
enters the tissues of one particular Mollusc. Here it becomes 
a branched sporocyst within which the sexual worms are formed, 


Fig. 33. — A, Sued ti fa 
jjutris , infested 

by B, Isacvcldvd- 
dium jMtnulosjniu or 
the fully - formed 
si*>rocyst of 
m u m umovtsfom u m . 
(After Heckert.) A, 
Natural size ; B, x 

m 

4 . 


B 

apparently each from a single embryonic blastomere (“ Keim- 
zelle ”), bv a process comparable with the development ot a 
parthenogenetic ovum, and the whole cycle has been termed 
Alloiogencsis, i.e. alternation of sexual and parthenogenetic genera- 
tions (Grobben ). 2 Leuckart 3 and Looss/ however, consider that 
what was once a metamorphosis of an individual (as in the 

1 Heckert, Bibliotheca Zooloijicu (Leuckart and Chun), Heft 4, 1SS9. I am nut 

a wp re that Lcucochloridium has been noticed in England. . . 

2 “ Heterogamy " usually means the alternation of bisexual and unisex ua 
generations (e.g. Bhabdoncma nvjrnvcnosu.n ), but is, unfortunately, aLo used m the 
sense of Alloiogencsis, as defined above. See Grobben, Arbeit. Zool. zoul. In s. 

men, Bd. iv. 1SS1, p. 201. 

3 Parasite n % Bd. i. Abth. II. [». 152. 

4 Festschrift /. Leuckart, Leipzig, 1S92, ]». 1C7. 
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Holostomatidae) has now become, by maturation of the Cerearia 
in the comparatively modern warm-blooded bird, a metamorphosis 
extending over two or more generations. 

Distomum ( Fasciola ) hepaticum — The liver-fluke of the Sheep, 
which produces the disastrous disease, liver-rot, has a distribution 
as wide as that of a small water-snail, Limnaea timncatula, the 
connexion between the two being, as Thomas 1 and Leuckart dis- 
covered, that this snail is the intermediate host in which the 
earlier larval, sporocyst, and redia stages are passed through, and 
a vast number of immature flukes (Cercariae) are developed. 
These leave the snail and encyst upon grass, where they are eaten 
by the sheep. Over the whole of Europe, Northern Asia, 
Abyssinia, and North Africa, the Canaries, and the Faroes, the fluke 
and the snail are known to occur, and recently the former has 
been found in Australia and the Sandwich Islands, where a snail, 
apparently a variety of Limnaea truntatula, is also found. 2 Over 
these vast areas, however, the disease usually only occurs in certain 
marshy districts and at certain times of the year. Meadows of 
a clayey soil, liable to be flooded (as in certain parts of Oxford- 
shire), are the places where this Limnaea occurs most abundantly, 
and these are consequently the most dangerous feeding-grounds 
for sheep. The wet years 1816, 1817, 1830, 1853, and 1854 
memorable for the occurrence of acute liver-rot in England, 

* 1 1 . weather also plays a 

considerable part in extending the suitable ground for Limnaea 

! V Q e !' V j e ® rea f» which in dl 7 yeara may be safe pastures. In 
1830 England lost from this cause, 3 one and a half million 

four muiions ° f mone ^> ^ »» 
187 9 -80 three millions died. In 1862 Ireland lost 60 per 

cent of the flocks, and in 1882 vast numbers of sheep perished 

in Buenos Ayres from this cause. In the United Kingdom the 

annual loss was formerly estimated at a million animals, but is 

now probably considerably less. After infection during a wet 

“iL in the succeedin ° wiuto ' a— 

1 T Z T L JOUrH A- J/ T 05 - Sci - voL xxiii - 1883 > P- 90. 

Sec Lutz, CaUrllbl. }. ISaTJlf “ ““ t0 ^ L * W * aea ^ ra - 

i u flnmmaHon^Th feond^otli ° V ^ ^ largely due to P«huouury 

returns. ** ° tlwr CaUSCS of deatl > ««* always discriminated i„ the 
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The symptoms of “ rot ” appear about a month after infection, 
more acutely in lambs than in sheep, and again, less in oxen than 
in sheep. At first, death may result from cerebral apoplexy, but 
if the first few weeks are passed through, a pernicious anaemia 
sets in, the sheep are less lively and fall at a slight touch, the 
appetite diminishes, and rumination becomes irregular. The 
conjunctiva is of a whitish-yellow colour, the dry,°brittle wool 
falls off, and there is sometimes fever and quickened respiration. 
In January, about three months after infection, the wasting, or 
fatal, period sets in. Oedemas or swellings, usually visible before, 
become larger at the dependent parts of the body, a large one in 
the submaxillary region being especially well marked, and this 
is considered one of the most characteristic symptoms (“ wateiy 
poke ). Through this period few of the infected sheep survive, 
but should they do so, the flukes begin to migrate, though some 
remain much longer within the liver. Migration is effected 
through the bile-duct into the duodenum and outwith the faeces, 
in which the altered remains of the Distomum are sometimes 
scarcely recognisable. Under these circumstances (or owing to 
death of the fluke in situ ) the sheep recover more or less fully. 

The preventive measures seem to be: (1) Destruction of the 
eggs and of the manure of rotten sheep ; (2) slaughter of badly 
fluked sheep ; (3) adequate drainage of pastures ; (4) an allowance 
of salt and a little dry food to the sheep; and (5) dressings of 
lime or salt on the ground to destroy the embryos. 1 

Distomum hcpaticum, contrary to most Trematodes, enjoys a 
wide range of hosts. Man himself occasionally falls a victim; thus 
in Dalmatia, in the Narenta Valley, the disease is endemic but 
slight in its effects. The horse, deer, camel, antelopes, goat, 
pig, rabbit, kangaroo, beaver, and squirrel have all been known 
to harbour this fluke occasionally. In the Italian deer-parks at 
Maiulria a large species, D. magnum, decimated the herds some 
years ago ; and this species, probably imported from Italy, is now 
almost as dangerous a parasite on the western plains of the 
United States as D. hepaticuvi. 

Bilharzia haematobia .'* — This formidable parasite was dis- 
covered by Dilharz in 1853 in the veins of the bladder of patients 

1 See Tliomas, Quart. Joiirn. Micros. {Science, xxiii. 1883. Neumann, Parasites 
of Dvmcslicatol Animals, translated by Fleming, 1892. 

- Leuckurt, loc. cit. ; Looss, Archxv f. mikrvskojt. Anatomic, Bd. xlvi. 1895, l>. 1. 
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at the Cairo Hospital, and is remarkable from its abundance on 
the east coast and inland countries of Africa from Egypt to the 
Cape, as well as in the districts bordering Lake Nyassa and the 
Zambesi river, while westwards it occurs on the Gold Coast. 
Mecca is a source of infection whence Mohammedans carry the 
disease to distant places. In Egypt about 30 per cent of the 
native population is affected by the serious disease known as 
Haematuriu, resulting from the attacks of Bilharzia, so that, of 
the many scourges from which in Africa man suffers, this one is 
perhaps the most severe. 

The worm is found usually in couples, which have been proved 
to be male and female individuals (Fig. 34), 
often in considerable numbers in the veins 
of the pelvic region, chiefly the veins of the 
bladder and of the large intestine, and it is 
tolerably certain that Bilharzia enter these 
vessels from the portal vein. Their long 
slender bodies enable them to penetrate 
into the finer vessels, which get partially 
or entirely choked up, and the circulation 
accordingly impeded. But the most serious 
consequences are observed in the urinary 
bladder. The mucous membrane is swollen 
and inflamed here and there, chiefly on 
the dorsal surface, the capillaries appear 
varicose and covered with mucus, mixed 
with blood-extravasations in which Bil- 
harzia-eggs are noticeable. The eggs also 
cause numerous swollen knots in the sub- F«o. 34 .-/ww,. haeuut . 
mucous tissue. Should the disease not l" 66 *. °° bb - x 10 - Tho 
pass beyond this stage (and such is usually SULS J’ir Si 
the case, especially in South Africa), a 
temporary haematuria ensues. The urine 
which is only expelled with great effort’ 

3” d of b ^f nSe Pain> * mbced ** mucous clots, 

have^already^h^ched^out 6 *^!’}^ 0111 ^ T* ° f 

ally pass a wav „ml n 6 8 ^ m P tom8 » however, may gradu- 

The disease may indeed bT of u^arT^ "“T* 7 accom * )lished - 
not interfere wiH» m far less severe character, and may . 

interfere with the usual occupations of the patient ; but, oi 



% 

S 


K ui VUO 

male ( 6), d % Alimentary 
canal ; ms % oral sucker of 
male ; w, ventral suckers. 
(After Leuckart.) 
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the other hand, a far more extensive thickening of the wall of 
the bladder sometimes occurs ; hard masses of eggs, uric acid 
crystals, and other deposits, may lead to the formation of stones, 
degeneration of the substance of the ureter, and eventually to 
that of the kidney itself. The stone, indeed, has long been 
known to be a prevalent disease in Egypt, and it is now known 
to arise from concretions formed round masses of Bilharzia 
eggs. From the portal vein, again, other Bilharzia may gain 
access to the rectum, or the liver, and it has also been found in 
the lungs, and may give rise to most serious complications, if 
indeed the patient lives. 

How infection occurs is a question to which at present no 
satisfactory answer can be made. The attempt to introduce 
embryos of Bilharzia into the common fresh-water animals of 
Alexandria has hitherto proved fruitless (Looss 1 ), although there 
seems little doubt that the comparative immunity of Europeans 
from the disease is in some way owing to their drinking purer 
water than the natives. Possibly, as Leuckart suggests, the 
embryo becomes a sporocyst in man himself, somewhat as Taenia 
murina is known to develop in the rat without an intermediate 
host . 2 The immense numbers of the parasite in one host would 
then readily receive an explanation. 

A Bilharzia, possibly B. haematobia, was found by Cobbold in 
the portal vein of Cercopithecus fidiginosus ; and B. crassa infests 
the cattle of Egypt, Sicily, and certain parts of India, but does 
not produce haematuria. 

Of the other Trematodes of man and domestic animals there 
is not room to speak fully. Distomum pulmonale, which occurs 
in the lungs of the cat, tiger, and dog, as well as in man, is 
especially common in Japan, China, Corea, and Formosa. D. 
sinense and D. rathouisi have been also found in inhabitants of 
these countries. 

Bisexual Trematodes. — Zoologically, Bilharzia is interesting 
from its bisexual condition. It is not, however, the only bisexual 
Trematode. In cysts in the branchial chamber of Ray’s bream, 
Brama raii, two worms are found, which are probably the slender 
male and the swollen female of the same species ( Distomutn 
okenii). The only doubt that can arise proceeds from the 
tendency in all Trematodes for the male organs to ripen before 

In Leuckart, Die Parasitcn tl. Mensehen, pji. 521-528, 1894. 8 Cf. p. 89. 
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the female organs. Until we certainly know that the swollen 
egg-bearing form ( 9 ) does not arise from a previously male 
form ( 6 ), the case is open to suspicion. ^ 

Since, however, Kolliker 1 never found 
intermediate hermaphrodite conditions, 
this Distomum may be almost certainly ^ 
regarded as of distinct sexes. Didymo- 
zoon thynni ( lifonostomum bipartitum), 

from cysts on the gills of the Tunny no. ss.-Di'tomum kbii. 

( Thynnus ), is another case. Two slender Showing male ami female as 
n . , i . . 1 , they occur together in the 

worms flattened posteriorly, come to- In-ancl.ialcavityof Bramaraii 

gether, and the body of one becomes (Ray's bream). (FromBronn, 

fill, . ,, rp, after Kolliker. ) Nat size. 

folded to receive that of the other. They 

fuse completely except for a small lateral opening through which 
the anterior parts of both worms may freely protrude. The 
enclosing individual contains a coiled uterus filled with eggs, 
and is the female, whereas the smaller individual never possesses 
eggs, and is probably the male. 2 Nemcitobothrium (Fig. 22, A), 
which occurs also in the Tunny, in the form of two immensely 
long individuals intricately wound about each other in a cyst, is, 
however, not bisexual. 


Table of Digenetic Trematodes and their Life-Histories . 8 


Species. 


Final host. 


Host Into which the 
larva enters, and in 
which Ccrcariae are 
eventually formed. 


Diplodiscus (Am- ( p R f T . ( Smaller species 


phistomum)sub- < . 

clavatus Goze [ 011 

Distomum advena ( 

Duj. (D. mi- -I Sortx arancus 
grans Duj.) ( 

D . 




m 

Planorbis 
Cyclas 


>ecies of ( 
is and 


Not known 
Not known 


Host into which the CercAtiae 
migrate and encyst : eaten by 
flual host. 

Insect • larvae, Dana , JBufo> 
but frequently omitted 

Li max 


( Lucullus acuspcsy Crntropagcs 
\ hamatus (Co]>c}Kxla) 

~ — w ( Ephemera, Per la, Chironomus 

rlanorbis conuus \ phmwsus 



appcndicula - f f 

turn Rud. \ alosa 

D. aseidia v. Ben. Species of Bats 

D. at ri venire (-Frogs and Toads ‘ Physa heUroslro-f x /'7 
A\einL \ of N. America pha -^Notk 

D. braehysomum f The Dunlin ( . T , 

Crepl. \ (Tringa alpina)\ ^ ot known Anthura gracilis 

D. caudatum v. / Hedgehog ( Erina ■ f „ .. , 

Lihst. \ ecus turopacus) \ hortensis 


mown 


1 Sec Braun. Bronn's Klassen u. Ordnungcn d. Tkitrreichs, vol. *v. p. 572. 
s Braun, loc. cU. p. 673. 

1 Taken largely from Braun, Ibid . pp. 8G4-S6G, where the literature of the 

subject is referred to fully. 
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Species. 

D. clavigerum 
Rud. 

D. cygnoidcs Zed. 

D. cylindraccum 
Zed. 

D. di morph um 
Dies. 


Final host. 




Rana 
Ha na 
I la na 


Host into which the 
larva enters, ami in 
which Cercariae are 
eventually formed. 

( Limnaca ova/a 
' \ Plan orb is come us 


Host into which the Cercariae 
migrate and encyst ; eaten by 
final host. 


{ 

{ Ardca , Ciconxa 
(Brazil) 

D. cchinatum Zed. /<%»«*, Anser, 

l Anas 

D. cndolobum Duj. Rana . 


| Not known 

Pisidiuvi, Cyclas { &•»««% *V- ( Ccrcaria macro- 
J \ ccrca Fil.) 

Limnaca ovala Ilybius fuliginosus 


Not known 


Different species of Fishes 


D. globiporum 
Rud. 

D. hcpaticum 
A hi Id. 


Species of Lim- Species of Limnaca , Paludina 
naca vivipara 

{ . L . stagnulis , Gammaruspulcz , 
larvae of Limnophilus 
rhombicus 

Limnaca slagnalis, L. ova (a , 
Suceinea pfeifferi , tf. putris , 
Physa fontinalis, Planorbis 
marginalus 


^ Perea fluviatilis . Not known 

{ Sheep, Oxen, Man, Limnaca trunea - f 

etc. t 0m,ttcfl 


2). hyslrix Duj. | P^ sca ' ( Not known Marine Fishes 

Z>. macroslomum j Warblers, Tits, f ~ . 4 . , 

Rud. \ Woodpeckers, etc. \ Swci1lM Petris Omitted 


D . militarc v. Ben. 

Z>. 7iorf w losum Zed. 

Z>. ovocaudatum 
Vulp. 

Z>. rcltisum Duj. 
7). squamula Dies. 


Common Snipe 
Perea fluviatilis 

Rana csculcnta 

Rana 

Polecat 


Paludina vivipara P. vivipara 
{ ^*lata ta t€UtacU ' | Cyprinus , Aecrina eemua 

{ Species of Plan - Probably omitted. (Ccrcaria 
orbis known as C. cystophora Wag. ) 

Li,nna,a «a 0 ,ut>U { L ° f ^ 


• . Unknown Rana temporaria 

U. signatum Duj. j TrojMonotus na - | Unknown Rana 

^ lumR\\d. Ce * ,,la | Badger, Polecat . Paludina vivipara Unknown 


Gastcrostomum sp. Dogfish, Rays 


G. fimbriatum 
v. Siel). 


G. gracilcsccns 
Rud. 

Monostomum 
flavum Mehl. 


i 


Ostrca cdulis , Car- f 

dium rusticum , •{ Bclonc vulgaris 
C. erft/fc 


f Unio, Anodonta / 

{ Ptrca, Esox - (Cerc^ua known ^eu^sciw crythrophthalmux 




{ 


{ Lophius pisca - 
lorius 


polymorjdius) 
^Unknown 


{ 


l 

/ Species of Gudus (e.g. C. 
\ acylcfinus), Molva , Lophius 


Anas 


P/anorbis comcus Omitted 


Classification of Trematodes. — We have seen (p. 63) that it 
is hardly possible to carry out fully the division of Trematodes into 
Monogenea and Digenea. Nevertheless, pending further inves- 
tigation on the doubtful points, this classification may still he 
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used. Monticelli 1 lias proposed the main divisions of a new classi- 
fication, which has been also adopted by Braun, and is based 
on the nature of the suckers. These divisions are indicated 
below in brackets. 


A. Monogenea v. Een. (Heterocotylea Mont). 

1. Fain. Temnocephalidae Hasw. 

Gen. Teninocephala Hasw. 

2. Fam. Tristomatidae Tschbg. 

Sub-Fain. 1. Tristoraatinae Mont. 


B. 


Gen. Tristomum, Nitzschia, Epibdella , Trochopus, Acantho- 
cotyle, Phyllonella, Placunelln, Encotylabe. 

Sub-Fam. 2. Monocotylinae Tschbg. 

Gen. PseudocotyU, Calitotyle, MonocotyU. 

Sub-Fam. 3. Udonellinae v. Ben.-Hesse. 

Gen. UdonelLi, Echinella , Pteronella. 

3. Fam. Polystomatidae Tschbg. 

Sub-Fam. 4. Octocotylinae v. Ben.-Hesse. 

Gen. Octobothrium, Pleurocolyle, Diplozoon, Anthocotyle , 

Vallisnia, Phyllocotyle, Hexacotyle, Plutycotyle, PUc- 
tanocotyle, Diclidophora. 

Sub-Fam. 5. Polystomatinae v. Ben. 

Gen. Polystomum, Onchocotyle, Eipocotyle , Diplobothrium, 
Sphyranura. 

Sub-Fam. 6. Microcotylinae Tschbg. 

Gen. Microcotyle , Gnstrocotyle, A line, Pseudaxine. 

4. Fam. Gyrodactylidae v. BeD. 

Sub-Fam. 7. Gyrodactylinae Par. et Per. 

Gen. Gyrodactyhu, Dactylogyrus, Tdraonchus, Dipledanum. 
Sub-Fam. 8. Calceostominae Par. et Per. 

Gen. Calceosiomum , Avoplodiscus. 

5. Fam. Aspidobothridae Burni. ( = Aspidocotylea Mont.). 

Gen. Aspidogaster, Platyatpis, Cotylogaster, Mucraspis. 
Digenea v. Ben. (Malacocotylea Mont). 

6. Fam. Holostomatidae Brandes ( = Metastatica Leuckart). 

Gen. IEplostomum, PolycotyU , Hemislomum, Holostomum. 

7. taui. Amphistomatidae Mont 

Gen. Amphistomum , Diplodincus, Gaslrodiscus, Hvmalogaster, 
Gasirolkylax, Aspidocotyle. 

8. Fam. Dibtomatidae Mont 



10. 



Gen. Distomum (and sub-genera), Rhopalophorus, Kodlikei-ia, 
Bxlharzia. 

Fam. Gasterostomattdae Braun. 

Gen. Gasterostomum, 

Fam. Didymozoontidae Mont 

Pnm Gen * Dtimozoon, Nematobothrium. 
tiun. Monostomatidae Mont 

Gen. Monostomum , KotocotyU , Ogmogasler , Opisthotrcma . 
Festschr. f. Leuckart, 1892, j*. 134. 
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CESTODA 

INTRODUCTION NATURE OF CESTODES OCCURRENCE OF CESTODES 

THE TAPE- WORMS OF MAN AND DOMESTIC ANIMALS TABLE 

OF THE LIFE- HISTORIES OF THE PRINCIPAL CESTODES OF MAN 

AND DOMESTIC ANIMALS STRUCTURE AND DEVELOPMENT OF 

CESTODES TABLE FOR THE DISCRIMINATION OF THE MORE 

USUAL CESTODES OF MAN AND DOMESTIC ANIMALS CLASSI- 

FICATION. 

The Cestodes or Tape - worms are exclusively endoparasitic 
Platyhelminthes living, in the adult condition, in the alimentary 
canal of Vertebrates, with the exception of Archigetes (Fig. 37), 
which may become mature in the body-cavity of Tubifex. In 
relation with this wholly parasitic existence, the Cestodes exhibit 
certain characteristic modifications in structure and mode of 
development, such as the formation, by the segmentation of the 
“ neck,” of a (usually) long chain of “ proglottides ” or joints, which 
form the “ body ” of the Cestode ; and the entire absence of an 
alimentary tract, both in the larva and adult. As an adaptation 
to the fixed mode of life, the anterior end (head, scolex) is modi- 
fied to form an adhering organ. Various adaptive forms of larvae 
are known. These live in the internal organs of one or more 
intermediate hosts, and are transferred to the final host passively 
during a meal. Lastly, there is the curious metamorphosis by 
which the adult is formed from a portion (scolex) of the larva. 1 

Taenia solium, from man (Fig. 39, B), or a Calliobothrium 
(Fig. 36), from an Elasmobranch fish, is fixed to the mucous lin- 
ing of the intestine of its host by means of a radially-constructed 

1 Cf. p. 5. 
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apparatus of four suckers and a circlet of hooks (Fig. 39), which 
are borne by the “ head ” or “ scolex,” lieing that part of the 


worm which is directly 
derived from part of the 
larva, and which contains 
the central, commissural 
portion of the nervous 
system. Firm adhesion 
to the host’s intestine is 
necessary, in order to avoid 
the loosening action of the 
peristaltic movements of 
the intestine as the food 
passes along. The heads 
of different Cestodes ex- 
hibit a marvellous variety 
of suckers and hooks, from 
a mere muscular depres- 
sion in Schistocephalus, to 
the compound proboscides 
of Tetrarhynclius 1 which 
is found in Elasmobranchs. 
The jointed body, often 
of enormous length (up 
to 20 yards in Bothrio- 
cephalus latus), is usually 



separated from the head 
by a slender neck, from 
which the proglottides are 
segmented off from behind 


Fro. 86 . — Calliobothrium <\ffi.ne Dies., from the in- 
testine Torpedo, x 43. hd. Head ; hk, 
hooks ; hi, lobes of the head ; ov, ovary ; pe, 
penis ; pn, penis-sheath ; te, testes ; tit, uterus ; 
vag, vagina ; y<j, yolk-glands. (After Pintner 2 ) 


forwards, and become more and more individualised as they 
recede farther away from the neck by the intercalation of 
younger jointa Thus in Fig. 36 the mature, distal proglottis 
has passed through all the stages represented by the other 
segments. The longitudinal muscles, the nerves, and excretory 
vessels which supply the proglottides are continuous throughout 


* ° f Vari0 " 9 8Colices 8ee van Beneden, Minunrt sur Its vers Intestin- 

aux, 1861; Braun m Bronn’s Thierreich, Cestoda (in progress), Bd. iv. PI. 
xxxvm.-xlv. 1 * " 

2 Arbttl. Inst. Wien, Hi. 1881, p. 163 ; seo also ibid. ix. 1890, p. 57. 
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and with those of the head. Each joint contains at first male 
genitalia comparable with those of a Trematode ; then the female 
organs develop, and finally self- fertilisation follows. The Cestodes 
feed through their skin, probably by the aid of fine protoplasmic 
processes, which penetrate the tough investing membrane and 
absorb the already digested food which bathes them. When a 
proglottis of Calliobotkruim is approaching maturity it separates 
from the parent, the broken ends of muscles, nerves, and excre- 
tory vessels speedily heal, and it is now cap- 
able of continued growth and of fairly active 
movement if it remains in the intestine of 
the host. According to van Beneden, it may 
even attain a size equal to, or exceeding, that 
of the whole parent or “ strobila.” 1 These 
considerations led Leuckart, von Siebold, 1*. J. 
van Beneden, and others, to Steenstrup’s con- 
clusion that a jointed tape-worm is really a 
colony composed of two generations — the 
head and neck derived from the larva, and 
the proglottides produced by the segmenta- 
tion of the neck. 2 This view of the colonial 
nature of jointed Cestodes was generally 
Flo ‘ • i. 3 Jj — A , rch '9 et J es adopted from 1851 to 1880. During the 

sieboldn (appends 1 . , 

adatus), from ti.o last fifteen years, however, the varied mter- 

riv}d!!rin° f P le ^ a l'* ons °f the facts of the ontogeny of this 

u pp> Persistent larval group have led some authors to adopt the 

tai^pore* ’iS-^per* raonozo °tic view (that a Cestode is one indi- 
sisteut larval hooks ; vidual), others are still of the older opinion, 

sucker 0 ;™^ testes • an( l Hatschek ( Lehrbuch , p. 349) and Lang 
V9' yolk -glands, take up intermediate positions. Lang considers 
(After Ltuckait.) formation of the joints of a tape- 

worm from a small fixed “ scolex,” is not only largely comparable 
with the strobilation of a scypliistoma and the consequent forma- 
tion of a pile of medusae, as in the life-history of Aurelia, but 




1 The mature proglottis of Calliobothrium cschrichti is 8-9 mm. long, whereas 
the strobila only measures 4-5 mm. in length. Species of Phylliobothrxum, Antho - 
bothrium , and Tetrarhynchus show a similar but not an equal contrast between 
the size of the parent and proglottis (P. J. van Beneden, “Les Vers Cestoides, M 
Nouv. Mtm . (lc V Acad. Roy. d. Bclgiq\u % tom. xxv. 1850). 

2 The difficult question of the nature of the Cestode body and Cestode larvae 
is adequately discussed by Braun, loc. tit. p. 1167. 
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that both processes have arisen from the 
power of regenerating the necessary 
organs in each of the new segments. The 
result in both cases is the rapid forma- 
tion of a number of joints, which gradu- 
ally separate from the parent, to carry 
the eggs and young to new stations. Just 
as some Coelenterata ( Lucernaria ) may be 
regarded as not having advanced much 
beyond a scyphistoma stage, so there are 
imisegmental Cestodes (e.g. Arcliigetes, 
Fig. 37) which have remained as a 
slightly altered but sexual scolex, directly 
comparable with a Trematode, and, as all 
authors are agreed, representing one gene- 
ration only. Such monozootic forms are 
now classed os a special family, the 
Cestodaria or Monozoa, of which Caryo- 
j)hy Ileus mutabUis, from the intestine of 
various Cyprinoid fish, is the most abund- 
ant representative, while Amphiptyches 
( Gyrocotyle ) urna, from Chimaera mon- 
strosa of the northern hemisphere, is 
paralleled by A. mgosa, found in Callo- 

rhynchus antarcticus of the southern 
seas. 

Occurrence of Cestodes. — The dis- 
tribution of Cestodes and their larvae 
is analogous to that of the digenetic 
Trematodes, although the absence of an 
ahmentary canal limits the habitat of the 
mature worms to certain sites, such as the 
blood-vessels, the lymphatic and coelomic 
spaces, and the digestive system, where 
their body may be bathed by a nutritive 
fluid. Almost all groups of Vertebrates 
are attacked by Cestodes. Those of fishes, 
and particularly of Elasmobranchs, are 
distinguished by certain structural and 
developmental features ; those of birds by 


Xnrag 



Fio. 38. — Scolex polymorph t(s 
Rud. (larva of Oafliobothrivm 
jUicolk Zschokke), from the 
muscle* of Apogon, a Medi- 
terranean fish ; also found hi 
many Invertebrates (e.g. 
Sepia). A, Inverted scolex, 
with calcareous bodies ; B, 
everted older larva. br 9 
Brain ; ex o 9 terminal excre- 
tory nurture ;/r, flame-cells ; 
far.sec* secondary excretory 
pores ; hk hooks of the adult 
Cestode ; inmy 9 pit at the 
bottom of which the head 
is developed ; msc 9 anterior 
sucker; nt % lateral nerve ; sc. 
suckers ; ll 9 tp , lateral and 
main excretory vessels. (After 
Monticelli.) 
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others ; those of mammals, by a third set of characters. The 
young stages of the Cestodes of Sharks and Rays occur encysted 
in the body-cavity, or in the pyloric appendages, of Teleosteans, 
which probably swallow them along with those invertebrate 
animals upon which they prey. The larvae of the Cestodes of 
carnivorous mammals or piscivorous birds, live respectively in 
herbivores and fishes, but how the latter are infected we know 
in very few instances. Cestode larvae are known to occur in many 
Invertebrates, and occasionally are taken free swimming in the 
sea, presumably crossing from one host to the next. Cteno- 
phores, Siphonophores, Copepods, Ostracods, Decapods, various 
Molluscs especially Cephalopods, Earthworms, and other Anne- 
lids, are the intermediate hosts of these larvae (see Fig. 38), 
the fate of which, however, has been determined in but few cases. 

Occurrence of Cestodes in Man . 1 — Tape-worms, either in 
the adult or larval stages (bladder-worms), have, from ancient 
times, been known to occur in man, and in the animals that serve 
him as food. Until comparatively recent times, however, the 
true nature of these parasites, and particularly of “ hydatids ” 
(cystic larvae), was unrecognised. Up to the seventeenth 
century the larvae were regarded as abscesses or diseased growths 
of the affected organs, and it was only at the close of that century 
that their animal nature was even suggested. Even at the 
beginning of the nineteenth century, three modes of origin of 
Cestodes — by “ generatio aequivoca ” from the tissues of the body, 
or by the union of previously distinct proglottides, or again by 
metamorphosis of free-living worms drunk with water by cattle 
or birds (as Linnaeus suggested) — were still variously held, at a 
time when Malpighi, l'allas, and Goeze had recognised the true 
connexion between the cystic and segmented states of Taenia 
crassicollis (the cat tape-worm), and when Goeze had seen the 
eggs of Taeniae, and Abildgaard 2 had even conducted the first 
helminthological experiments (conversion of the larval Schisto- 
cephalu8, Fig. 40, into the adult form). 

Generally speaking, “ a tape-worm ” in Western Europe will 
prove to be Taenia saginata Goeze (the beef tape- worm, Fig. 39, A), 

1 Lcuckart, Die ParasiUn d. Mcnschcn [English trans. l>y W. E. Hoyle]; 

Blanchard, TraiU de Zoologic midicalc, 1893. 

i For a full account of tlio history of this subject sec Lcuckart, Parnsilen a. 
Mcnschcn, 28 ; Braun, loc. cit. B«l. iv. V . 920 cl scq. ; Huxley, Collected Essays, 

vol. viii. I». 22U 
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exceedingly prevalent also in the East, and indeed cosmopolitan, 
occurring wherever the infected flesh of the ox is eaten in a raw 
or half-cooked state. Its attacks 
are fortunately not usually 
severe. Taenia solium Eud. 

(the pork tape- worm) is found 
wherever the pig is kept as a 
domestic animal, and has con- 
sequently a world-wide distri- 
bution. Its size (6-9 feet long) 
and powers of adhesion would 
alone render T. solium a for- 
midable parasite. But the 
danger of its presence in the 
body of man, or in the flesh of 
pigs, lies in the fact that the 
larva or bladder- worm (known 
as Cysticercus cellulosae) can live 
in the most varied organa Thus 
if by accident a mature pro- 
glottis be eaten, the embryos 
escape, bore their way into the 
wall of the stomach, and enter- 
ing the portal vein, may reach 
in time the muscles, the brain, 
the eye, or even the heart itself, 
and attain the cystic condition. 

Even more disastrous may be 
the result, should some ripe 
joints of a mature worm work 
their way from the intestine 
back towards the stomach. 

Should this happen (and though 
it has not been directly proved, 
the possibility is to be reckoned 
with), the result would be the 
release of vast numbers of em- 
bryos capable of inflicting fatal 
injury on the host. An abnor- 



Fro. 39. — A, Taenia saginala Goeie . Nat. 
size. (From a specimen in the Cam- 
bridge Museum.) Tho approximate 
lengths of the portions omitted in the 
drawing are given. At * (after Leuck- 
art) the brauched uterus and the longi- 
tudinal and transverse excretory vessels 
are shown. The genital apertures are 
seen as a lateral opening on each of the 
larger proglottides. B, Head (scolex) 
of T . solium Rud. x 12. (Alter 
Leuckart.) 


mal Cysticercus of tliis species is probably the Taenia ( Cysti - 
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ccrcus ) acanthotrias Weinl. (see, however, Leuekart, loc. cit. p. 
711 ). 

Taenia ( Hymenolepis ) nana v. Sieb. 1 is found in man in 
Egypt, Italy, England. Servia, Argentine Republic, and the 
United States. Though small (J-l inch long), its numbers 
usually excite digestive and nervous disorders of considerable 
severity, more serious, indeed, than those caused by the commoner 
tape-worms. H. diminuta Rud. ( fiavopunctata Weinl.), normally 
found in Rodents, has been rarely recorded in man. Taenia 
(Dipylidium) caninum L. ( = T. cucumenna Bloch = 1. elliptic a 
Batsch), the commonest parasite of pet cats and dogs, and T. 

( Davainea ) madagascariensis Davaine, have occasionally been 
recorded from infants and young children. But the attacks of 
these species are insignificant in comparison with those of the 
cystic stage ( Echinococcus polymorphous) of a tape- worm (T. echino- 
coccus v. Sieb.) which lives when mature in the dog. 

Echinococcus is most frequent in Iceland, where it affects 2 
to 3 per cent of the population, and a still larger proportion of 
sheep ; while in Copenhagen, Northern Germany, some districts 
of Switzerland, and Victoria it is not uncommon, but is frequently 
found post-mortem examinations when no definite symptoms 

of its presence had been previously noticed. Echinococcus 2 varies 
greatly in size, form, and mode of growth, but is distinguished 
in the formation not of one scolex only, as in the Cysticercus, but 
in the production of a number of vesicles, usually from the inner 
wall. Within these, large numbers of scolices may be developed. 
The whole organism continues to swell by the formation of a watery 
liquid within it, and if its growth be rapid the fluid tension may 
cause the rupture of the enclosing connective- tissue capsule 
formed around the parasite, at the expense of the host, and the 
protrusion of the daughter vesicles. It is the consequent injury 
to the surrounding organs of the host, at this critical stage, often 
only reached after the lapse of several years, that occasions 
serious or even fatal results. Zoologically, Taenia echinococcus 
and T. coenurus are interesting, since they exhibit an indulnt- 


. By Grass, this form is considered identical with T. murina. The latter 
s, wcies is known, from this author s researches, to develop in rats without - m.gra- 
tL into an intermediate host. Should Gratis aynonjmy P^o oorrect the 
presence of large numbers of this tape-worm ... ...an would rcad.ly receive - 

explanation. 

* Leuckart, loc. cit. p. 75*2 ct sc/. 
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able alternation of asexual generations in the larval state, with 
a sexual adult stage. 

Bothriocephalus lotus Brems., the broad tape-worm, which 
attains a length of 20-30 feet, or even more, occurs in man 
endemically in the eastern Baltic provinces, certain parts of 
Switzerland, generally throughout Eussia (especially near Kasan), 
in North America, and commonly in Japan, — that is, in districts 
where the population partake largely of pike or other fish in a 
raw or partially- cooked state. Elsewhere it occurs sporadically, 
and in Munich, where it was unknown before 1880, its presence 
has been traced to emigrants from infected districts, who settled 
on the shores of the Starenberger Lake, from which Munich was 
.supplied with fish. How the pike, the usual but not invariable 
intermediate host, becomes infested (and its musculature is 
frequently riddled with the larvae) we do not accurately know, 
but some Invertebrate, the prey of the pike, is probably the first 
host into which the free-swimming ciliated larva (Fig. 42) finds 
its way. In Greenland, B. cordatus is very common in the dog, 
and probably also in man, though few cases have been recorded. 
B. man&oni Cobb. ( = B. liguloides Leuck.) was, till recently, 
known only in the larval state from China and Japan. Iijima, 
however, has found older specimens in the latter country. B. 
crista hi a Dav. is a species founded somewhat doubtfully on two 
fragments found, one in a child, the other in a man, in France. 

Occurrence of Cestodes in Domestic Animals . 1 — Among 
domestic animals, the dog is, undoubtedly, the most frequently 
attacked by Taeniae. Six species of Taenia (T. serrala, mar - 
tjiiuita, coenurus, echinococcus, krabbei, and possibly T. serialis ), 
Dipylidium caninum (the commonest form), Mesocestoides lineatus, 
and three or four species of Bothriocephalus have been found in 
the dog. The table of life-histories (p. 83) shows that sheep, 
rabbits and other Kodents serve as the intermediate hosts, in’ 
which the cystic stages of the species of Taenia are found 
Hence the prevalence of T serrata in a given locality is con- 
nected with the abundance there of the rabbit and hare, in which 
the larva ( Cysticercus pisi/ormis) occurs. Bothriocephalus cordatus 
develops from the young stage present in the fish which the 
Icelanders give to their dogs. In Iceland and certain parts of 

The diatiactive features of these and the foregoing tape-worms are given on 

pp.Otf*W. 
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Australia T. echinococcus infests one-third to one-half the number 
of dogs examined ; a fact connected with the frequency of Echino- 
coccus in man in these countries. 

In sheep the most noteworthy and dangerous parasite is 
Coenvrus cerebralis (or the cystic stage of the dog-taenia, T. 
cocnurus ), which gives rise to the disease known as “ gid ” or 
“ staggers.” It is found in various parts of the brain or spinal 
cord, and the symptoms differ according to the position of the 
parasite. If this presses upon one hemisphere the sheep describes 
circles and finally falls : if on the optic lobes, the eyes are 
affected : if the pressure affects the cerebellum the movements 
of the sheep are uncertain and incoordinated. Four or six 
weeks after the appearance of the symptoms, death results from 
cerebral paralysis, or from general debility, and the loss of sheep 
incurred by this -disease (happily less frequent in England than 
formerly) has been calculated by Youatt at a million for France 
annually ; at 35 per cent of the flocks for England in bad seasons ; 
and about 2 per cent for Germany. Besides sheep, which are 
most subject to “ gid ” during their first year, various ruminants 
— Goat, Ox, Moufflon, Chamois, Roe, Antelope, Reindeer, Drome- 
dary — are attacked in the same way. A similar form, Coenurus 
scrialis Baill., is common in the wild rabbit in this country, and 
in Australia in the hare and squirrel. It forms large swellings 
in the connective tissue of various parts of the body, but usually 
does not affect the health of the host. It is not known in what 
carnivore Taenia serialis Baill. normally occurs. Experiments 
have, however, shown that it develops rapidly in dogs. 

The preventive measures which are steadily diminishing the 
prevalence of the Cestode parasites in man in some parts of 
Western Europe cannot be dealt with here, but it may be 
noticed that the Jewish observance with regard to swine is the 
surest preventive measure against taeniasis and trichinosis. 
Careful inspection of meat and general cleanliness, are the lead- 
ing measures that in these hygienic matters secure the greatest 
immunity from disease. 
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Table of the Life-Histories of the principal Cestodes of 

Man and the Domestic Animals 


Ostol*'. 

Ttfttia serrafa 

( i'R'ZO 

T. 'iKtif/inata 


Final host 


(Dog 

| Dog, Wolf 


I-nrva. Interim*) ini v ln»t. 

/ Cysticncus phi- ltibi.it. Haro, Mice (liver ami 
( Juntas Zed. I-critonemn) 

( Cyst. tcnuicvllis .Monkeys, Ruminants, Vtig.i- 
l Bud- late* (iii peritoneum) . 

. Cyst, buns Gobi*. Ox, Giraffe (in muscles) 

( Cyst. crllulosnc r XI ,, , ,, 

J Kud. 0 Ci/st. I ■ M “?» Monkeys, Bear. I».>g. 

’ | oca utholr 'ias'i B,ack Hat (in various 

\ Weinl.) [ organs) 

J.cnifsia/llis Cat and other Cyst, fasciolaris f. 

Kl " 1 - Felidae, Stoat Kuil. { Mouse, Bat (liver) 

T . coc Hunts Kiieh. Dog, Arctic Fox i Cocnurus errr-/ Br 5' n °f Shee|>. Ox. Coat. 

g, .cue cox | br-alis Rud. 1 p«»»l«lary, Camel. Am,, 

I loj»c, Horsu 

T. serial i 3 Bail). )Dog . 


T. soy in nt a Goozv f 
( - T. >//#y Man 
ca/u ffittu Kucli.) I 

T. solium Rud. Man . 


T. echinococcus 
v. Sieb. 


^ * 

(Cocnurus sc rialis f 

‘ \ Bail I. \ Kablit (connective tissue' 

f Echinococcus pnhy . 1 Man, Monkeys, numv Or- 
Dog Dingo, I Oms.l nivores, Rodents. lngu 

Jackal, Wolf \ <Wf*; h : *“«»*••{ late*, Ruminants. ami 

K:, , .v foun ' i l 




. V. in Man) 

Z ,U A Un erj>ailM Shep F. Ox, Goat, f Tr , 
ttud. etc. | Unknown 

T/tysanosomaJim- f cx _ .. 

briata Dies. y Sheep, Cervidac . Unknown 

Stilcsia globipunc- ( 


and other birds 


tala fii\\ ’ r Sheep. 

Jtnoploccphala f __ 
pccfoliataGoeze\ “ or8<? • 


Unknown 

Unknown 


DlpyUdium cani • . 
nutn L. ( = 1 

Taenia cucumc I M ^ f ^ticfrcoid larva f 

ntia Bloch = j Man, Dog, Cat J LSjPfr&Ki ^5*5^ °f Tnc/anicctcs 

l l av a rl *nd Pulcx of Dog 


Htjmctwlcpis r f Ccrcocystis Vill > 

murina Duj. ( Mou3e . Rat J (develons j'„ 


n - ««»a v. Sieb. Man 
diminuta Rud. 

punctata 


j Vill. I ( 

Unknown 


. diminuta Rud. f 

C.rccey.li, Vill. 

“ j l Or thoptera and Cole.. j. tern 

18 “' Art 



8 4 


rLATYHELMINTHES CESTODA 


CHAP. 


CesUxie. 

Final host. 

Latvo^ 

Intermediate host. 

Drcpanidotacnia 
gracilis Zed. 

Duck, Goose, Wild f 
Duck \ 

Ccrcocyslis Vill. 

( The Ostracods Catulona ms - 
\ trata and Cypris comprcssa , 
V and also Cyclops virUlis 

D. anal iiui Krabbe 

Duck . 

• » 9 * 

( Cypris incongruous , and also 
\ Perch 

D. sttigera Froh. 

Goose . 

* * 9 9 

Cyclops brcvicaudatus 

D. infundibuli • 
fonnis Goeze 

^ Common Fowl 

»1 * t 

House-fly 

Dicra no taenia 
coronula Duj. 

| Duck . 

* * M 

Cyjtris ovum 

Davainca proglot - 
Lina Dav. 

| Fowl . 

>* »> 

1 Li max cincrcus 9 L. agrestis 

D. madagascari- 
crisis Dav. 

| Children 

Unknown 


D. friedbergeri 
v. Linst. 

| Pheasant 

Unknown 

? Ants 

.]rc$occstoidcs l inc- 
ut us Goeze 

{ Dog . 

Unknown 


Bothrioccphalus 
lulus Brems. 

| Man, Dog, ? Cat j 

Plerocercoid, i.e. 
solid, elongate 
larva, with no 
bladder 

f Probably first enters an Inver- 
{ tebrato host, which is eaten 
( by Pike, Perch, Trout, etc. 


Structure and Development of Cestoda. 1 — Of the unseg- 
liiented Cestodes, Cary opliy linens viutabilis, from the intestine of 
carp and other Cyprinoid fishes, is the most easily accessible form. 


Fio. 40.— A, Stickle- 
back (OasterosUvs 
acuUatus) iufestel 
by an advanced 
larva of Schislv- 
crphalus solidus 
Crepl. B, Tho 
larva. All x 1$. 
( From specimens 
in the Cambridge 
University Mu- 
seum.) 

B 

Tri(tcnoj)li(yrns nodulosus , which is very useful for the study ol the 
excretory system, occurs mature in the pike. In the body-cavity of 
t lie Stickleback (Fig. 40) a large, broad, yellow worm may sometimes 

1 Moniez, “Sur lcs Cyaticcrques," Paris, 1880; Id. “Sur lcs Ostades,” 1881 j 
Xscliokkc, “ Rechcrchcs aur ia Htructurc auatonii<]iio et histologique d. Cestodes, 

( ieiievc, 1888. 
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be found, the larva cf Schistocephalvs solidus CrepL, which occurs 
ill the intestine of Terns, Storks, Mergansers, and other birds. 
Species of Ligida are found in the same birds. The intestine 
of a Lophius or Cyclopterns (“ lump -fish ”) contains, usually, 
the early and intermediate stages of various Cestodes, while 
the alimentary canal of Elasmobranchs often contain many 
peculiar Tetrarhynchidae and other forma For the study 
of development, the Taenia anatina from the duck may be 
used. The ripe proglottides are collected, and the eggs placed 
with Cypris ovum in an aquarium, with the probability that 
some of the embryos will enter the Ostracod, and the peculiar 
Cysticercoid may be bred. 1 Cysticercus pisiformis and Cocnnrus 
scrialis, which occur commonly in rabbits, are also suitable 
objects for examination. 


A Cestode such as Calliobothrium (Fig. 36) is divisible 
into head and proglottidea Monies has suggested that the 
head is really the morphologically hinder end of the body, in 
which case the formation of proglottides would closely resemble 
the mode of segmentation of an Annelid larva. The close 
similarity, however, between the Cysticercoid larva (Fig. 43, F) 
and the Cercaria of a liver-fluke, seems to show that the anterior 
end is the same in both cases, and since it bears the central part 
of the nervous system, we may reasonably call it the “ head.” 
Moreover the hinder end of a Platyhelminth usually possesses 
the chief excretory pore. Another difficulty is the determina- 
tion of dorsal and ventral surfaces. Authors are agreed,— on 
the analogy of Trematodes, in which the testes are usually dorsal 
and the ovaries ventral,— that the dorsal and ventral aspects of a 
Cestode are determined by the position of these organs, although 
the often radially formed - head," the lateral or superficial posi- 
tion of the genital apertures, and the variability of these features 
render it a matter of considerable doubt whether " dorsal ” and 
ventral are more than useful conventional terms. The 

whtrr ^ h”™ « » muscular cap, the rostellum," 

which is only slightly developed in the Ickthyctacmae. . The 

envelop ' “f “ -ter muscular coat- 

an a , (posslbl 5 r e P iden “‘) investing membrane— and 

“iT ’“ 1 “ tlSS “ e C °" , *“5 the thief part of the 
excretory nervous, and reproductive systems. One or two palm 

Schmidt, ArAi,/. » J.hrg. 1 5 . Bd. 1, 18M, «r„ 
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of longitudinal excretory vessels are present, usually connected by 
transverse ducts and opening by a single terminal pore. Occa- 
sionally a regularly paired arrangement of lateral or secondary 
pores is present (Figs. 38 and 41 , for. sec). Flame-cells occur at 
the end of the fine tubules (Fig. 38), and the whole system is 
well developed, but may undergo degenerative changes in the 
older proglottides. The central nervous system varies according 
to the degree of differentiation of the rostellum ; and, owing to 
the difficulty of staining the nerves and the contradictory state- 
ments of authors, we do not yet possess a fully reliable account 
of the nervous system even of the commoner Taeniae. Free 
nerve endings and other sensory terminations have been recently 



Fia. 41. — Diagrammatic transverse section of Sch istocephalus solidus Crept., from the 
Wild-duck, illustrative of the Cestodes with uterine aperture (uto). x 12. ex. 
Cirrus-sac ; for . sec, one of the paired lateral openings of the excretory vessels ; ln% 
longitudinal nerve ; or, ovary ; otx/, oviduct ; par.m , parenchymatous muscles ; 
r.sem y receptaculum seininis ; sh.gl, shell-gland ; tc, testes ; ut, uterus ; uto, uterine 
pore ; ray, vagina ; vd, vasa deferentia ; yd, yolk-duct ; yy, yolk-glands (black) ; 
6, male, 9, female genital aperture. (After Riehm.) 

stated to exist in the cuticle of Cestodes and Trematodes. If 
true, this would tend to show that the parasitic mode of life of 
these animals demands a complex nervous system comparable 
with that of the Turbellaria. 

The reproductive organs, unlike the preceding systems, are 
discontinuous from one proglottis to the next. The male and 
female organs and their mutual connexions, especially in the 
unsegmented Cestodes, may be compared in detail with those 
of Trematodes, but the difference between the arrangement of the 
generative organs of various Cestodes is very great. 1 The penis 
(Fig. 41, cs ) is evaginated through the male pore (Fig. 41, c?), 
and inserted far into the vagina ( ? , vug ) of the same or another 

1 For example, the genitalia in Dipylidium eaninum are duplicated in each 
proglottis. Other differences are noted in the following table (pp. 89-90). 
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segment of the tape-worm. From this fact and the anatomical 
relations of the vagina, it is becoming increasingly probable that 
the so-called uterus of Trematodes is an organ corresponding to 
the vagina of Cestodes, and not to the uterus of Cestodes. The 
latter opens to the exterior in Schistoceplialus, Bothriocephalus, 
and some other Cestodes of fishes by a special pore (Fig. 41, 
uto). Through this, some of the eggs (which in these genera 
give rise to ciliated larvae) are enabled to escape, and need not 
wait for the detachment of the proglottis, as must happen in the 
Taeniidae, where the uterus is closed. This uterus, a true physio- 
logical one, is probably the homologue of the “ canal of Laurer ” 
(" Laurer-Stieda canal,” or “ vagina ”) of Trematoda. The fertilised 




! Frecswim ™ I J8- Mi ho<&ed larva of Bothriocephalus lotus Brems. (tl 

m^ V,r!“ Pe ' 0rni ., 0f W , nn) \ st,U enclosed in a ciliated (possibly cellular) doub 
membrane or mantle. In this condition it may continue to live in water for a wet 
or ".ore^ but eventually throw, off its ciliated coat (as in B) and commences 
creep about vigorously by the aul of its hooks, in search of its first host which is 
present unknown. (After Schauinsland.) x 600. 


ovnrn and yolk are brought together into the “ootype,” where 
e shell-gland forms the egg-shell around them (Fig. 41, sh.gl), 
and the egg is then passed into the uterus. The ovum segments 

OV n°,lv n SLX ; hooked larva > which may (Bothriidae, Fig. 42) 

nr I it-T 1 (T “ e) . be Clliated - Thus in Taenia serrata the 
proglottules are shed with the faeces of the host (dog), and they 

p otect the yoimg from the desiccating influence of the surround- 

'ZJL Z T T y T° by n rabbit with herbs, the 
Kw larval envelope are digested, an d B by its six hooks 

and so^iuto the Tver °Here h tl g “f' IC ' vaU into the P 0ltal vei “. 
solid in»sn i f 11 1 ’ Heie t ie hooks are thrown off, and the 

S0l,d mass of cells becomes vacuolated. At one pole an invagi- 




Fro. 43. — Stages in the de- 
velopment of J Jijtyfiditnn 
can i hum L. ( = Taenia 
dliptica Batscli, T. even - 
merino. Bloch), the com- 
monest of the Dog-Taeniae ; 
compare Fig. 44. A, 
Six - hooked larva (now 
often spoken of as an 
“ Onchosplinera ”); B, 
larva elongating ; forma- 
tion of a central lacuna ; 

C, larva further advanced ; 

D, distinction between 
body and tail is visible ; 

E, invagination of tho 
rostcdlum is commencing ; 

F, Cysticercoid larva with 
four suckers, invnginnted 
rostellum, and excretory 
vessels, c, Calcareous con - 
cretions in cells of tho 
larva ; tx \o, excretory 
aperture ; ex.v, excretory 
vessels ; inv, invagination 
comineuciug ; rout, rostel- 
luni ; sc, suckers. (After 
Grass! and Itovelli; highly 
magnified.) 





as in most Taeniae, before it. B, Iuvagination commencing; 
al>ove the rostellum, while beneath it the nervous system 
invagination has now carried the suckers iuwards. The tail 
the whole larva at this stage is known as a Cysticercoid. 
mouth of the invagination ; w, central nervous system ; rest, 
suckers, of which only two can be seen in a longitudinal 
present. (After Grassi ami Rovelli.) 


Flo. 44. — Schematic longi- 
tudinal sections 
through the larvae of 
Dipj/iuliutn caninvm 
L. All these stages 
are passed in the 
body - cavity of the 
Dog-flea scm<- 

ticeps). (Compare Fig. 
43 for further details.) 
A, Six - hooked larva 
with developing rostel- 
lum (shaded) and 
suckers (black). In 
this species the invagi - 
na t ion ( C, t n vag. ) occ u rs 
after the formation of 
these organs, and not, 
the hooks are developing 
(dotted) is seen. C, The 
has become distinct, and 
hky Larval hooks ; intag , 
rostellum and hooks ; sc, 
section ; four are really 
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nation occurs, at the bottom of which the rostellurn, suckers, 
and hooks are gradually formed, but inside out as compared with 
the head of the Taenia serraia. At this stage the larva (Cys- 
liccrcus pisi/ormis ) has usually issued from the liver and attached 
itself to the omentum. The invagination projects into the cavity 
of the bladder, within which a watery fluid accumulates. Thus 
the “ bladder worm ” is formed, the head of which is evaginated 
if the larva be introduced into the digestive system of a dog. The 
bladder and neck of invagination are digested, while the head, 
protected by these, remains, and forms the neck, from which the 
proglottides are afterwards segmented off. In Taenia ( Hymcno - 
lepis ) murina the whole development may take place in the 
parental host, the larva living in the villi, the adults in the 
cavity of the same rat’s intestine (Grassi). The different forms 
of Cestode larvae depend largely upon the presence and degree of 
development of the caudal vesicle or bladder, which in Scolex 
polymoiphus (Fig. 38) (the young stage of Calliobothrium filicolle 
Zsch.) is practically absent. If the bladder be small, the larva 
is known as a Cysticercoid. For example, the common Dipylidium 
caninum, which lives in the dog, has such a larva, the develop- 
ment of which is explained and illustrated by Figs. 43 and 
44. The bladder becomes exceeding capacious in Coenvrus and 
Echinococcus. 


Table for the Discrimination of the more usual Cestodes 

of Man and Domestic Animals . 1 

I. Scolex in most cases with hooks ; uterus with a median and lateral 
branches ; yolk-glands simple, median ; genital pore single : doreal 
excretory vessel narrower than the ventral, without a circular com- 
iuissural trunk ; eggs without pyriform apparatus (processes of the 

* P ° Va 7T/ e f mbran e) . . . Gen. Taenia L. (s. str.) 

A. Genital ducts pass on the ventral side of the nerve and of the two 

t. excretory vessels . . T criusieollw Rud. 

„ dUCta 1X153 bet ; ween the doi *d ™d ventral longitudinal vessels. 

a. Nerve present on dorsal side of genital ducts. 

a. Head armed . . m .. ^ * 

o tj 1 . * ‘ • io/tuw Hud, 

/*. Head unarmed m . . ^ 

h >J***r A „ , , _ ■ • . T . sagmata Goeze. 

b. Nerve on ventral side of genital ducts. 


uote,^ ^) Uea ’ CentTalbl Bakt - tt * Parantenkundc, 1893, xiii. p. 457 (coni'. 
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Dog-Taeniae 1 


Single 


Head armed ; 
genital pore 
marginal 
and 


Many proglottides ; 
strobila several 
centimetres long; 
small books with 
guard. 


Bifid hooks, 
which are 


Entire large 
hooks, which 
are 


3-4 segments ; a few min. long . 
Double and bilateral 
Head unarmed ; two genital pores on ventral surface 


'230/X-260 m long 2 ; genital 
pore very distinct 

T. serrata Goeze. 
136 m— 157m l° n g » genital 
pore not very salient 

T. serxalis Ball. 
180M-220Mlong ; length of 
mature segments double 
their width 

T. marginata Batscb. 
150 m-170m long ; length of 
mature segments treble 
their width 

T. coenurus KUch. 
T. echinococcus v. Sieb. 
Dipylidium caninum L. 
Mesoccstoides lineatus Goeze. 


II. Scolex without hooks ; one or two transverse uteri present ; one or two 
genital pores and yolk-glands, the latter never median ; genital ducts 
pass on the dorsal side of the nerve ; eggs with pyriform apparatus. 

A. One transverse uterus present. 

a. Uterus with bullate egg-sacs ; pyriform apparatus without horns ; 
genitul ducts between dorsal and ventral vessels 

Thysanosoma Dies. 

a. Head large (1-5 mm.); square lobed testes in median field; 
posterior margin of segments fimbriated ; genital pore double 

T. fimbi'iata Dies. 

(3. Head small ; no fimbriae; pore rarely double . T yiardii Riv. 

It. Uterus without saccular dilatations ; segments short, thick, and 

slightly imbricate . . Anoplocfphala E. Blanch. 

IT ( tt i i (N o posterior lobes A. plicata Zed. 

Horse- 1 a. Head very large| Fqu J posterior Iobe3 A . perfoliata Goeze 

aeniae. J p Head small, without posterior lobes A . mamillana Mehl. 

B. Two uteri and two genital pores present ; horns of pyriform apparatus 

well developed ; genital ducts pass on the dorsal side of the longi- 
tudinal vessels' .... Moniezia R. Bl. 

а. Interproglottidal glands 3 arranged in linear series (pianissimo, 

group) . . il/. planissima S. and H. 

M. benedeni Mz. M. ntumani Mz. 

б. Interproglottidal glands saccular (ej^>ansa group) M. expansa Rud. 

M. oblongiceps S. and H. M. triyonophora S. and H. 
c. Interproglottidal glands absent 

. f M. dcnticulata Rud. 

(denliculaia group) j Jf a/fca Perp# 

C. Uterus single or double, without spore-like egg-sacs ; eggs with a 

single shell ; genital pores irregularly alternate ; strobila narrow ; 
testes absent from median part of the field . Stilesia RailL 

1 Taken from Neumann, Parasites of Domesticated Animals , 1892, p. 448. 

2 M = r<*W millimetre. 

* For a description of these glands, and for further diagnostic details and litera- 
ture, see Stiles and H assail, U. X. Department of Ayt'iculturc , Bureau of Animal 
In/lustry 9 Bulletin 4, 1893. 
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a. A transverse uterus in middle part of median field ; head 2 mni. 

diameter . . . . S. centripunctata Riv. 

b. Two lateral uteri in each segment ; head less than 1 mm. in 

diameter . . . . S. globipunctata Riv. 

III. Scolex almost invariably provided with hooks ; genital pores on left 

border of segment ; eggs with three shells but no cornua. Segments 
broader than long ; posterior angles salient. Hymenolepis TVeinl. 
u. Scolex with a single series of 24-30 hooks, each 14-18/x long 

H. nana v. Sieb. H. murina Duj. 
b. Scolex very small, unarmed . . H. diminuta Rud. 

IV. Scolex provided with two elongated muscular pits. Body segmented ; 

three genital apertures in middle of ventral surface 

Bothriocephalos Rud. 
Body 2-20 metres in length . B. latus Brems. B. cristatus Dav. 
(doubtful species;. B. eordatut Leuck. B. mamoni Cobb. 

( = B. ligulouUs Leuck.) 

Classification of Cestodes. — The following classification, 
which, so far as the Taeniidae are concerned, follows that 
employed by Railliet, Blanchard, and most recent writers, in- 
cludes only a few representative genera : — 


1. Fam. Cestodariidae Mont. (Moxozoa Lang). 

„ „ Gen> Car y°P h y Ua ™*, Arehujd's, Gyrocotyle, Amvhilina. 

2. Fam. Bothriocephaudae. 

Sub-Fanu 1 . Bothriocephalinae. Gen. Bolhriocephalus, Schisiocephulus, 
Tnaenophorus ( = Triaupidaria). 

Sub-Fam. 2. Ligulinae. Gen. Ligula. 

Sub-Fam. 3. Solenophorinae. Gen. SoUnophorua, Duthiersia. 
bub-ham. 4. Diphyllinae. Gen. Echinobothrium. 

3. Fam. Tetrarhynchidae. 

Gen. Tdrarhynchu*. 

4. Fam. Tetrapbyllidae. 

Sub-Fam 1 . Phyllobothrinae. Gen. Bhyllobotkrium, Echeneibothrium, 

Sab-Fain. tc^. Phyllacanthinae. Gen. Caliiobothrium, Anthobothriuvi, 

5. Fam. Taeniidae. 


l Cystotaeninae. Gen. Taenia a str. 

Ge °- SKW*. 

Ge “' Drqv- 

Sab-Fa J t toMKotaenia, EchinocotyU, lMvainta. 

5 ^r to,dmae - Gen - "■"**** IKthyridiuvu 
^ 1 2 3 4 5 - Icht hy°taemnae. Gen. Ichthyotaenia, Corallobotkrium. 


CHAPTER IV 


MESOZOA 

D1CYEMIDAE STRUCTURE REPRODUCTION OCCURRENCE : 

ORTHONECTIDAE OCCURRENCE STRUCTURE : TRICHOPLAX : 

SALINELLA. 


The Mesozoa are an obscure group, the position of which in the 

animal kingdom is still doubtful. The 
name Mesozoa was given to the group by 
its discoverer, E. van Beneden , 1 as he 
concluded that they were intermediate 
between the Protozoa and the higher 
Invertebrates. Recent authors, however, 
have called attention to the resemblance 
existing between them and the “ sporo- 
cysts ” of Trematodes, and though we 
still are ignorant of certain important 
points in their life-histories, the Mesozoa 
are most conveniently (and probably 
rightly) considered as an appendix to the 
Platyhelminthes. 

The animals composing this group are 
minute and parasitic, and are composed 
Fig. 45 .— A, B, c, stages in tho n f a 8ma n Iium ber of cells. They may be 

development of the vermi- ... , — * 

form larva iu Dicyema typu* divided into two families: the Dicyemtaae, 

van Ben (After Ed vnn which 0 euur exclusively in the kidneys 

^germinal cell ; u, nucleus of certain Cephalopods (cuttle-fish) 5 ana 
of ondodern.ai cell. the Orthonectidae, which live iu the brittle- 

star Amphiura squaiaata, the Nemertiue Nemertes lacteus, or the 

1 Ed. van Beneden, Jiult. Accul. Boy. Belgique, 1870, p. 36. 
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Polyelad Leptoplana trcmdlaris. In addition to the undoubted 


Mesozoa, certain anoma- 
lous forms — Tr ichoplax 
adhaercns and Salinella 
salve — may be referred 
to this group. 

Dicyemidae. — If the 
kidney of Elcdone mos- 
c/iata, a Cephalopod 
common on our south- 
western shores, be opened, 
a number of fine, yellowish, 
hair-like filaments may 
lie seen attached at one 
end to its inner surface, 
floating in the fluid con- 
tained in the renal cavity. 
These may be Dieye- 
■meanea eledones Wag., 
although another form, 
Dicycma moschatum 
Whit., also occurs in the 
same host. D. eledones 
(Fig. 4(i) is 7 to 9 mm. 
long, transparent, and is 
composed of one large 
inner cell with a simple 
nucleus (Fig. 46, n.end), 
and of an outer layer of 
ciliated cells, nine of 
which form the “ cal- 



otte” or Dole bv which Fr0 ; M'—Mq/emenTita eledones W«g., from the 
. . ^ kidney of EMoue moscJuita* A, Full-grown 

tile animal IS attached. Rhorobogen with mfusoriform embryos (rm6) ; B> 

Within the former fen ° ue °f tbe latter developing ; 0, fully formed ; 

. D, calotte, composed of the uppt:r nine cells 

uouerniul) cell the for- >*hown in tbo figure. (After Ed. vru Beneden nud 

mation of urn Rh.ii.crl W titrnan.) emb, Infusoriforn, embryo ; g, part of 
, # % ** 8Illlpecl eudodcrm-cell where fonuation of these embryos is 

“ mfusorifonn eillblTOS ” rapidly proceeding ; n.cci % nucleus of ectoderm- 

takes place (B and C), »^rf.«ucl«u*of e u.lo»k-ri u .cen; ^“calotte." 

the fate ot which is not known, but they are possibly the males. 
Ti?e individual which produces these larvae is culled a “ Rhom- 
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bogen.” Other individuals which produce a more elongated 
larva (“vermiform larva,” Fig. 45) are called “ Nematogens,” 
and Whitman has described a third kind, which produce first in- 
fusoriform, and then vermiform, larvae (Secondary Nematogens). 1 

The occurrence of the known species of Dicyemids (a group 
which has not been investigated on our coasts) is as follows : — 


Species. 

Dicyema typus van Ben. 

D. clausianum van Ben. 

D. microcephalum Whit. 

D. moschatum Whit. 

D. ? nacrocephalum van Ben. 

D. truncatum Whit 

D. schultzianum van Ben. 

Dicyemennea elcdones Wag. 

1). mulleri Clap. . 

D, (jrarile Wag. 

Conocycma polymorpkum van Ben. 


Host. 

Octopus vulyaris. 

(J. macropus. 

0. de Filippi. 

Elcdone moschata . 

Sepiola rondelctiL 

{ Russia macrosoma , Sepia 
cleyanSy S. officinalis . 

S. hiscralis , Octopus rulyaris . 

J Eledonc moscliata , E. aldro - 
( vandi . 

E. cirrosa. 

Sepia offici nal in. 

S. officinalis , Octopus v ulyaris. 


Orthonectida.' — Two species of Orthonectids are fairly well 
known, Hhopalura giardii Metschn. from Amphiura sqmnnatu , 
and JR. intoshii Metschn. from Nemertcs lac tens. The latter appears 
to be very rare, the former occurring in 2 to 5 per cent of the 
number of hosts examined. The parasites occur in a granular 
“ plasmodium,” the nature of which is uncertain. M4tschnjj tofl — 

regards it as formed by the Orthonectids, and he considers that 
the cellular envelope, by which it is sometimes enclosed, is 
developed from the neighbouring tissue of the host. These 
granular, sometimes nucleated, plasmodial masses, which can 
perform active amoeboid movements in sea-water, occur attached 
to the ventral part of the body -cavity of Amphiura, and between 
the gut-branches and body-wall in Nemertes. Should these hosts 
be infected by great numbers of the Orthonectids, their sexual 
organs degenerate (as is the case with pond-snails attacked by 
sporocysts 3 ), and it is possible that the remains of these organs 
may constitute the “ plasmodia ” (Braun). 

1 Whitman, AfiUheil. ZOol. Slat. Neapel, Bd. iv. ; see also Braun, in Bronu’s 
ThUrrcich, Bd. iv. p. 253. 

2 Braun, loc. cit. p. 281 (with literature). 

3 Giurd, “ La Castration parasitaire,” Bull. Sri. d. France ct de Belgique, 3 ser. 
i. 1888, p. 12. 
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Rhopalura giardii is of distinct sexes. Either males or 
females are found in one Amphiura. Two kinds of females, 
flattened unsegraented, and cylindrical segmented forms, are 
known. They consist of a ciliated ectodermal layer enclosing an 
endodermal mass of eggs, between which is a fibrillar ltyer 
usually considered to be of a muscular nature. The cylindrical 
female gives rise to eggs which develop, probably exclusively, into 





FlC# . 4 '\. — Rhopalura 
giardii Metschu. 
(from the brittle-star 
Amphiura sqtta • 
main). < 5 , Full . 
grown mole ( x 800) ; 

flattened form 
of female (x 510) : 

cylindrical 
female ( x 510). 
(After Juliu.) 


9 


9 . 


y i 

STtftfsrSK'Sr t from which “ ai «“ 

ascertained The ZS1 Lt ^ ° f this Sex is »<>t 'veil 

eggs of the cylindrical female ^ fertilise the 

probably develop parthenogenkc^Hy ° f ** ** f ° rm 

in ^ haS wlj been found 

^ ? the marine aquarium at Graz by 

Schulze, Abh. Akad. Berlin, 1891. p. 1. 
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Schulze. It has the appearance of a large, flattened, ciliated 
Amoeba (1*5-3 mm. in diameter), but is distinguished by its 
structure. The upper surface is composed of a flattened epithe- 
lium. The lower surface is made up of cylindrical ciliated cells, 
which pass imperceptibly into the branched cells, embedded in 
a hyaline matrix, which compose the middle layer of the body. 
No distiuct organs, and beyond simple fission, no mode of repro- 
duction, have been observed. One species, T. adhaerens, is known, 
but has never been met with in a free state. 

Salinella . 1 — This is another aquarium - animal, found by 
Frenzel in the Argentine, in an artificial saline solution with 
which he filled some aquaria. It measures *2 mm. in length, 
and has a somewhat flattened, barrel-shaped appearance. A 
single layer of ciliated cells bounds a central cavity opening at 
each end. Fission, and conjugation followed by encystinent, 
have been observed. One form, S. scdve, is known from salines 
taken from Cordova. 

1 Arch. Natunj. lviii. 1891, p. 66. 
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CHAPTER V 


NEMERTINEA 

INTRODUCTORY EXTERNAL CHARACTERS ANATOMY CLASSIFICA- 
TION DEVELOPMENT HABITS REGENERATION BREEDING 

GEOGRAPHICAL DISTRIBUTION LAND, FRESH-WATER, AND 

PARASITIC FORMS AFFINITIES 

The Nemertinea form, a compact group, the affinities of which 
have not been at present clearly determined. Several species 
were mentioned and described in the works of various naturalists 
during the latter half of the eighteenth century, though their 
anatomy was not understood until considerably later. The first 
mention of any member of the group was made by the Rev. W. 
Borlase in his Natural History of Cornwall , published in 1758. 
He gives a short description and a rough figure of Lincus 
marinus. From that time the increase in the knowledge of the 
group was very gradual. New species were from time to time 
described, but few of the descriptions could boast of much com- 
pleteness, and many erroneous views were held until compara- 
tively recent years. The group was very variously classified, but 
the general arrangement in early times seems to have been to 
unite it with the Planarians. Valuable contributions to the 
history of the development were made in 1848 and the few 
subsequent years by Desor, 1 Gegenbaur, 2 Krolm, 3 and Leuekart 
and Pagenstecher 4 * ; and more recently by Metschnikoff 6 and 
Salensky. 6 

1 P. Boston Soc. vol. vi. 1848. 

* Zcitschr. wits. Zool. Bd. v. 1854, p. 344. 

5 Arch. Anal. 1858, p. 289. * Ibid. 185S, p. 558. 

4 Mem. Ac. St. Pctcrsb. «*r. vli. tom. xiv. 1869. 

8 Zcitschr. wist. Zool. Bd. xliii. 18S6, p. 481. 
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length from less 


Xemevtines for the most part closely resemble one another in 
all essential points, though they differ considerably in size, 
colour, and external details. They vary in 
than an inch to thirty yards, this 
extreme size being attained by 
Linens marinus. 

Xemertines are common on the 
British coasts ; about forty species 
have been recorded from this area. 

On turning over a stone on a sandi- 
er muddy shore in a pool left by 

the receding tide, 
there may often 
be seen a coiled 
} mass, having the 
appearance of a 
uniform slimy 
string twisted 
into a compli- 
cated knot. If 
it be carefully 
removed, the 
ends can gener- 
ally be made 

w«nti y 

living specimen in rounded and the 
tlie coiled condition. i ■ , . , 

Plymouth, xl. othel lightly 

b, tapering (Fig. 

48,«andi). Oc- 
casionally there may be seen attached 
to the blunter end a fine thread, 
which moves about freely. This 
thread may, by an instantaneous 
movement, be drawn into the body, 
no trace of its existence being left 
except at the tip of the head, 
where a small pore is visible ; tins 
is the orifice through which it was 

withdrawn. Shortly afterwards the thread may l»e again shot 
<»ut, the process being instantaneous and often accomplished with 



tl. 

PI 

Anterior eml 
posterior end. 



Fit;. 49. — L. marinus , from tlie same 
specimen as Fig. 48, in the 
expanded condition, a , Anterior 
end ; 6, posterior eml. 
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great force. This thread (Fig. 50, j>) is the proboscis, a very 

important and characteristic organ in Xemertines. 

Most Xemertines are marine : thev are 

* % 

mostly indifferent to climate and to the 
nature of the soil on which they live. 

A few forms live on land (e.g. Tctra- 
sicmma agricola, 1 Gr.onemcrtes pa/acnsisr 
and G. chal icophora 3 ) or in fresh water 
(e.g. Tetrastemma aquarium dulcium 4 and 
T. lac ust re 5 ) in various parts of the globe. 

There are also parasitic forms ; the best 
known of which is MalacoUhlla * A 
pelagic form, Pci ago n emeries, 7 has been 
described by Moseley. 

External Characters. — A ty pica 1 
Xeinertine possesses an elongated worm- 
like body (Fig. 49), which is usually 
thrown into numerous close coils (Fig. 

48). In section it may be either round 
or more or less flattened, with the lateral 
edges in some cases quite thin and almost 
fm-like. One or two broad, flattened, and leaf-shaped forms are 
known, but such a condition is exceptional, and the forms in 

which it occurs have probably assumed it owing to the adoption 
of special modes of life. " 

. , In ordinary forms the posterior end of the body is pointed 
either bluntly or sharply. The head is somewhat broader than 
the rest of the body, and often assumes a spatulate form. Eyes 
(Mg. 51, e) are usually present either in one or several pairs' or 

“ e} H U ^ tn< ?o y ' arTanged gV0Ups on each side of the head. The 
mouth (Fig 58, in) is situated near the front end of the bodv 

on the ventral surface, and is usually rendered conspicuous by 

being surrounded by thick tumid lips. It varies in form from 

being slit-like to elliptical. At the anterior end of the body a 

I ?• V0U WiUemoes-Sulun, Ann. Nat. Hist. scr. iv. \iii lsrj „ .no 

i z<w - w - *«• >«». i • 1 

* W T ? ? • Jn ' lrb - Bd - v - 1S79 > v MO. 

A in/ Sll,uuan > ZcxtidiY. wiss . Zool. B<1. xli 1SS5 » 
an Plcssis, Zool. An. vol. xv. 1892, ,, C4 * 1 

7 *H A I b - 1ranbH ^ Rtl - 1877-78, 305. 

IOS0lt ‘ y> An,u * W ‘ **• iv. vol. xv. iS7f>, it. 165. 


Fig. 50. — Side view o 1 head 
of Cercbrat u! us (J/i- 
crura) trisfis Hubr., show- 
ing the everted protascis. 
Naples. x 2. Drawn 
from a spirit specimen, c.s. 
Cephalic slit ; in, mouth ; 
jj, proboscis. 
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Flo. 51. — Amphi- 
porus lacti- 

fiorcus Johnst., 
drawn from the 
living specimen, 
from tlie dorsal 
surface. Ply- 
mouth. x 2. 
c. Eyes ; r/ f gen- 
erative organs ; 
n.g , nerve gan- 
glion ; p.p % pro- 
liosc is jK>re ; 
proboscis. 

which latter it 


small terminal pore occurs ; this is the external 
opening of the proboscis (Fig. 51,^.^?). 

Nemertines are often very diversely and 
brilliantly coloured, the hues most commonly 
found being white, yellow, green, deep purple, and 
various shades of red and pink. The ventral sur- 
face is usually paler in colour than the dorsal, 
and the latter is often marked by longitudinal and 
transverse stripes (Fig. 59) in contrasting colours. 

The whole animal is enveloped in a layer of 
mucus, which sometimes becomes hardened to 
form a tube, and this may be still further 
strengthened by an admixture of particles of 
sand or earth. 

The body is capable to a great extent of con- 
traction and extension, a Nemertine many inches 
long being apt, when irritated or alarmed, to 
contract itself to the length of not more than 
half an inch. Hence, unless the animal is kept 
and carefully watched, a very erroneous idea may 
be conceived as to its size. 

Anatomy. — The body-wall consists of several 
layers (Fig. 52), which in a typical highly- 
developed Nemertine are as follows : — 

1. An external epidermic layer ( ep ), consist- 
ing of ciliated cells, among which are placed 
numerous unicellular glands. These glands pro- 
bably secrete the mucus in which the Nemertine 
is usually enveloped ; their contents when in the 
body are very highly refracting. The epidermis 
rests on a basement membrane ( b.m ). 

2. Tlie two or three muscular layers, arranged 
as either an external circular and an internal 
longitudinal, or an inner and an outer circular 
separated by a longitudinal layer, or, as in the 
figure (r.m and l.m\ two longitudinal separated 
by a circular layer. 

3. A fairly thick connective-tissue layer often 
found Ik.* tween the epidermis and tlie muscles, into 
gradually merges ( s.t ). 
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The Digestive System. — The mouth is placed on the ventral 
surface near the anterior end of the body (Figs. 53, 58, »()• 
It leads into a straight oesophagus (Fig. 53, ocs), whence passes 
off the intestine (hit), which is continued as a straight 
non -convoluted tube to the anus (a), situated terminally at 
the posterior end of the body. The intestine is thrown out 
throughout the greater part of its course into paired lateral 
pouches. 

The alimentary canal is lined throughout by a ciliated 



Fia. 52. — Diagrammatic transverse section of a Nemertine (Schizoncmertea) through 
the middle region of the body. b.m t Basement membrane ; r,w, circular muscle 
layer ; if A dorsal blood-vessel ; cp t epidermis ; g y generative organs ; iut, intestine : 
/.&, lateral blood-vessel ; tin, longitudinal muscle layers; ti.e, lateral nerve -cord ; 
nJ, nerve plexus ; p t proboscis ; p.* proboscis sheath ; j.f, subcutaneous layer. 


epithelium. The oesophagus has, in addition to this layer, an 
outer thick coat of large granular cells, which probably have a 
glandular function. 

Proboscis. — The most characteristic organ of the Nemer tines is 
the proboscis (Figs. 50, 53, 54). For many years its disposition 
and function were misunderstood, and it was supposed to be a 
portion of the digestive system. The proboscis, which lies dorsal 
to the alimentary canal, opens at the extreme anterior end of 
the l'ody by a small pore (Figs. 51,53, 58). When retracted it is 
sometimes considerably folded, and lies in a long pouch or sheath. 
To the walls of this sheath it is attached round its anterior 
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end ; and strong muscles unite its pos- 
terior extremity to the sheath a short 
distance from the posterior end of the 
latter. 

The proboscis seems to be exclusively 
a tactile and protective and defensive 
organ, for^which functions it is emi- 
nently fitted by the great -ease and 
rapidity with which it is everted or 
thrust out from the body. It consists 
of two distinct regions (Fig. 54, g.p 
and m.p). In the retracted state the 
anterior part is a hollow tube with 
very thick muscular walls made up of 
several layers. At the base of this part 
in many of the Nemertines there is 
situated a sharp-pointed spine project- 
~ | •B ing forward into the lumen, and several 
f 4 smaller stylets situated in a pair of 
„ . _ § S vesicles close to the base of the central 
’5-2 spine. The position of the spines in 
the everted proboscis is shown in Fig. 
57. The posterior part of the pro- 
0 ^ 5 boscis is also a tube, but instead of 
* J 2 being muscular, its walls are glandular. 
This posterior glandular part is never 
everted. 

The eversion is effected by a turn- 
ing inside out of the anterior part of 
the proboscis (Fig. 54). The process 
whereby the proboscis is retracted has 
^ 6, a. been very aptly compared to the effect 
which would be produced by the inver- 
= ^ sion of the finger of a glove, accom- 
"'f g. plished by pulling a string attached to 
g* § its tip on the inside, the anterior mus- 
« jf | cular part being comparable to the 
finger and the glandular part to the 
string. It is thus obvious that in the 
everted condition the stylet will form the anterior tip of the 
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proboscis, and will there be in a position fur offence or defence 
(Fig. 57, s). 

Nervous System. 1 — The brain is composed of two ganglionic 
masses (Fig. 53, n.y) lying at the anterior end of the body, one 
on each side of the proboscis, and united by commissures passing 
round it (Fig. 55, d.c and r.c). Each ganglionic mass is often 
partially divided into a dorsal and ventral lobe (n.y.d and 
n.g.v). From the brain a pair of cords pass off backwards 
along the sides of the body («.r) ; these cords, which have 


p.s mj> gp 



ps m 

/ s 



F,0 ‘ re i: r . eseut/lti0n °<} u VT°\»scis, (A) in the retracted condition, 

IttLhhS. tn rte< “" d . it, ? n * .. a ' p ' Glan,1 " , « r portion of tlie proboscis ; m, nmsde 
» If in A 8 ‘ h L pbOSC,S *° ■ S »“ th : mmcular portion of the proboscis : 

thn f r ? bosc “ p° re » )>p 1,1 B represents the position of the proboscis now in 
the retracted condition of the proboscis ; p.s, proboscis sheath. 


no ganglionic swellings, in some forms unite with one another 
a Jove the anus. Anteriorly nerves are given off from the brain 
to the eyes and front part of the head («.„). A nerve to the 

| , , v 1 w _ P I ^ I • « _ luiites the two 

Halves of the brain dorsal to the proboscis (d.n). 

, tW ° °“ t of t 1 he three groups into which the Nemertines are 
vided, the lateral nerve-cords are in connexion with a network 

walirpZ 1 r rV a lym f . betWeeU the buyers of the body- 

tively thick layer. In these two groups there oiS no delinitu 

J. ^5X^2 V ° l 1?S0: “«* 1 
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nerve branches except the anterior ones to the head. In the 
third group of Neinertines the lateral nerve-cords lie within the 
muscular layers of the body-wall, and in this case paired nerve 

branches are given off at 


p.s-j— 


‘ — v.s 


u . 


~\ — d.c 




d.n -4 - 


d.v 


m 

f-M 


r' r 

s ' — definite intervals throughout 
/ \ the whole length of the body. 

p.s — ' These branches divide up 

j U A ' among the organs to which 

Id M v ' s they pass, and no nerve 

\ A 1 ji t (in plexus is present. 

\ 1 n n The lateral cords vary in 

j VaI , dc position in different cases. 

/ \ Sometimes they lie laterally, 

1 c / MT .j/ftl A—npd at others the cords tend to 

/ Jr /’ ■! l'j \ : \ \ approximate to one another 

B0 - .' V ^j|B r n l v in the median dorsal or in 

d n 1 the median ventral line, 

Wfj J ' W 1 nc every case they 

i.y MM jp | I r remain distinctly scpa- 

n I | 111 Sense Organs. — Sense 

^ F H I organs are usually present in 

Flo. 55. — Diagram to show the relations of . r c „ .,4- 

tlie nervous system, circulatory system, f° rm e y es aiTun o t 

mid proboscis sheath in the anterior end of sides of the hefld (Fig. 

the body in the Hoplonemrrlea * (modified x 

from M'lntosh!) n.n % Nerves to anterior &)> Sometimes US ft 81I1 0 

part of laxly and eyes ; r/.c, dorsal commis- p a J r an d sometimes in one 
sure ; d.n, median dorsal nerve ; r/.r, dorsal 1 , 

vascular trunk ; /. r, lpteral vascular trunk; OF more groups Oil CftCll S 1 C 16 . 
n.Cy lateral nerve-cord ; n.fj.d, dorsal lobe rpj ie structure of the eyes 
of nerve ganglion ; n.g. r, ventral lobe of . • i • f 

nerve ganglion ; p.p , proboscis i>ore ; p.s , Vftries from ft Simple pigment) 
prolx>soi8 sheath ; r.c, ventral commissure ; t to an or „ an which re- 
v.s, vascular ring or collar. 1 # ~ 1 

ceives a special nerve-supply 

from the brain, and possesses a refracting body answering to a 

lens, and behind this a pigment layer and a layer of rods. Some 

forms are devoid of all traces of eyes. 

A pair of simple auditory capsules has been found in some of 
the Hoplo nem ertca , where they occur as small vesicles on the 
brain. 

The whole surface of the body appears to he remarkably 
sensitive. In a few forms small tufts of tactile hairs are said 
to be present in the region of the head, while in others there 


proljoscis sheath ; r.c, ventral commissure ; 
v.s, vascular ring or collar. 
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are a few long hairs scattered sparsely among the cilia of the 
epidermis. 

Frontal Organ . — In many Nemertines there is present at the 
anterior tip of the head a disc-shaped group of cells bearing long 
hairs or bristles. On this disc open the secreting ducts of a 
number of gland cells lying in the head. It seems possible that 
this frontal organ may function as an organ of taste. 

Hide Organs . — In the Carinellidae there is a pair of circular 
epithelial patches lying one on each side of the body in the 
region of the excretory pore. The cells composing them are 
richly ciliated and provided with a plentiful nerve-supply. The 
function of these epithelial patches is not known, but it has been 
suggested that they may be auditory organs. 

Cephalic Slits and Cerebral Organs. — In most Nemertines 
there is a peculiar pair of organs (Figs. 50, 53, c.s), situated in 
the head and in close connexion with the brain. The function 
of these organs is not known. Hubrecht has suggested that they 
may be respiratory, while Burger 1 conjectures that they may be 
organs which are used for discriminating the condition of the 
surrounding medium. In an external examination of the 
head, the cephalic slits may usually be seen as a pair of lateral 
furrows or pits. Their form and direction vary considerably : 
they may take the form of shallow circular depressions, or they 
may lie longitudinally and be slit-like in shape (Fig. 50), or 
the slit may lie at right angles to the long axis of the body and 
l»e beset with short transverse furrows. In some forms these 
slits are merely superficial depressions, but in others they are 
continued into ciliated ducts, which pass inwards and penetrate 
into special lobes, consisting of glandular tissue and ganglion 
cells, in close connexion with the brain. These lobes are called 
the cerebral organs. 

In many forms the nervous system is charged with haemo- 
globin, which gives to it a bright red colour. 

Circulatory or Blood -Vascular System. — The circulator)* 

8) stem consists of three main longitudinal vessels, a median 
torsa and a pair of lateral ones. These, are connected together 
posteiioi ) by a transverse trunk, and also throughout the whole 
engt of their course by branches, which are given off at 
legu ar intervals. Anteriorly the three longitudinal vessels 

“Nemertincn." Fauna untl Flora O. von Xcaprl. 22 Memoir. 1S95. 
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either all unite and form a collar (Fig. 55, r.s) round the 
oesophagus, or they break up into a number of lacunar or open 
spaces in free communication with one another. 

The blood is usually colourless, but in some cases the cor- 
puscles are coloured red by haemoglobin. 

Excretory System. — Max Schultze 1 found in- Tetrastemma 
obseurum, on the outer side of, but near to the lateral blood-vessels, 



!• io. 56. Excretory system of Xemertines. A, Drepannpfu>rus spcctabilis Qtrf., part 
of one of the lateral vessels encircled by branches of the excretory organ, x 595 ; 
<r, main canal of the excretory system : B, D. crassns Qtrf., a terminal branch of 
the excretory system, x 585 ; /, ciliated flame : C. Malacvbddla grassa O. F. Mull., 
entire animal, slightly magnified showing the excretory system (black) and the vas- 
cular system ; e.a, excretory aperture ; </.r, dorsal vessel ; l.v, lateral vessel. (From 
Burger.) 


a pair of canals. He observed ciliary movements in the canals, 
but could not discover flame cells. Further contributions to our 
knowledge of the excretory system were made by Semper, 2 von 
Kenned, 3 Hubreclit, 4 and Oudemans. 5 The latter states that the 
excretory system consists of a pair of canals situated laterally near 
the anterior end of the body. Each canal communicates with 
the exterior by one or more ducts having lateral regularly- 
arranged apertures. In some cases he was unable to make out 
any communication with the vascular system, but in others 

1 He it rage zur Naturgcschichtc cUr Turbcllaricn , Gricftwald, 1851. 

2 A rh. Inst. Wurzburg , Bd. iii. 1876, p. 115. 

3 Ibi'i. Bd. iv. 1877, p. 305. 4 Xoot. Anz. vol. viii. 1885, |». 51. 

5 Quart. J. Mirr . ,SW. vol. XX w 1S85, suppl. p. 1. 
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a direct communication, by means of open connexions with the 
lacunar blood spaces, is said to occur. 

Silliman 1 in Tctrastemma aquarian dulcium describes the 
excretory vessels as ending in numerous capillary branches, at 
the blind terminations of which cilia are present. He states that 
there is no important difference between the excretory systems 
of Ithabdocoeles and Nemertines. 

Biirger, 2 as the result of recent investigations on the excre- 
tory system in Nemertines, finds that the minute branches end 
in flame-cells (tig. 56, B) lying on and among the blood-vessels, 
but having no open connexion with them. 

Generative System. — The Nemertines are for the most part 
dioecious, only a few certainly hermaphrodite species having been 
described, e.g. Tctrastemma (“ Soriana ”) ke/erstcinii Mar. 8 

, The generative products in both cases are contained in sacs 
fFigs. 52, 53, //) which lie m the lateral region of the body 
between the pouches of the alimentary canal. The ova and 
spermatozoa are conveyed to the exterior by short ducts. Most 
species are oviparous, though a few viviparous species are known 
(e.g. Prosorliochmus claparedii). 

Classification. — Nemertines were divided by M. Schultze 4 
into : — 


1. Enopla, in which the proboscis is armed with stylets. 

2. Anopla, in which the proboscis is unarmed. 

Although this classification was fairly correct as far as it 
went, since many other distinctive features were con-elated with 
the presence or absence of armature in the proboscis, still there 
are several primitive forms belonging to the Anopla, which 

possess characters such as render it necessary to class them 
together in a separate group. 

For this reason Hubrecht divided the^emertinea into three//-™, 
Uiders —Hoplonemertea, SchizoneniprUa, Palaeonemertea ; the 

hrst of these Orders corresponding with the Enopla, and the 

other two with the Anopla. . 

1 q IS AUir 

.! f c,7ic/<r - tool. Bd. xli. 1885, p. 48. C ^ 

Monogr/l 895 . ^ * 822 ’ F * una Wui «■ — A r capel, 22 

l ,ya - M't- (5) vol. xvii. 1878. 

Zcilschr. twji. Zool. Bd. iv. 1853, p. 178. 
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Order I. Hoplonemertea. 


The proboscis is armed. The epidermis rests on a thick layer 
of connective tissue plentifully supplied with glands, below which 

is a prominent basement membrane. 
The muscular layers of the body are 
two in number, an outer circular and 
an inner longitudinal. The nerve- 
trunks lie within the muscular layers 
of the body and give off regularly- 
arranged branches. There is no 
nerve plexus. Each of the cephalic 
slits generally opens by a pore situated 
in the centre of a transverse groove, 
which is beset along one side by a row 
9P of shorter grooves at right angles to it. 
Fro. 57. — Anterior eml of the The apparatus consists of a ciliated 
=% duct surrounded by nerve tissue, and 

tion of the proboscis ; /.5, lateral passing into lobes of tissue which are 

r£ connected with the brain by thick 
hose i 8 ; stylet; s .6, granular nerve-cords. The mouth opens rather 
basal portion of stylet. f ar forward in front of the brain. 

The intestinal pouches are symmetrically arranged. Auditory 
organs are said to exist in some forms, consisting of vesicles 
containing otoliths. The vascular trunks are connected an- 
teriorly by closed vessels and not by lacunar spaces. 

The principal British genera and species 1 * are : — 



Ampliiparus bioculutu * MTnt., A. dissimulans Riches, A. hastatu * M‘Int., 
A. luctifloreus M‘Int, A. jmlcher Jolinst. 

Drepanophorus rubrosti'iatus Huhr. ( = yt. spcctalnhs Qtrf.). 

Tdrastemma ambiguum Riches, T. amdidum O. F. Mull., T. dormle Abildg., 
T. fluvidum Ehrenb., T. immutabile Riches, T. mchmocephalum Jolinst., 2. 
nigrum Riches, T. robertianac M 4 lnt., T. vermiculatum Qtrf. 

ProKorhoclnnu* clapartdxi Keferstein. 

Nemn'trn curdnophilu Kbll., M. pruritus Jolinst., A. nccsix Oerst. 
Mulurobdtllu grossa O. F. Mull. 


1 Our knowledge of British species is mainly due to M'lntosli (Jtntish Annelids, 

Ray Society, 4to, 1873) and Riches (Jouni. Mur. LioL Ass. vol. iii. 1803-1895, p. 1. 
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Order IL Schizonemertea. '/JEriFtyrtF w FR.hr** ft. 

/ 

The proboscis is unarmed. The epidermis is separated from 
the layer of connective tissue by a thin base- 7 *p 

ment membrane, lienee the glands in the 
connective tissue are more deeply situated 
and have long ducts. The muscular layers / m-Saf M 

are three in number, an outer and an inner m M 

longitudinal layer between which lies a layer 1 * 

of circular muscles. The lateral nerve-cords ■ ■ 

lie between the outer longitudinal and the I jf 

circular muscle layers. They are connected 1 W 

throughout the body by a nerve plexus, the I m 

only definite nerve blanches given off lieiug 1 ■ 

those to the brain, oesophagus, and proboscis. I a 

Tlie cephalic slits are a pair of deep longi- I : a 

tudinal grooves at the sides of the head. « 

From each groove a canal passes inwards jv Ij 

into a posterior brain - lobe. The mouth |f 1 

opens behind the brain, and is an elongated slit Pln ^ . , 

bounded by corrugated lips. Auditory organs Cercbmtuins margin- 
have not been observed. The longitudinal lur'fac^ 

vascular trunks are connected anteriorly by Drawn from & spirit 
lacunar spaces, and not by closed vessels. IT™”; cIZ'T 

1 ) • • « . , « * c.o* lepnanc 

rmcipai .British genera and species: — slit; Wt mouth ; p.p, 

proboscis port. 

Line its bill neat us Ren., L. hut true Mont, I. marinus Mont. ( = L. lonqis- 

stmus Gnnnerus), L. yesserensie O. F. Miill. ( = /.. obmmis Besot and L 
stnujvmeus M‘Int.). 

Borhxma elizabethae M‘Int. 

T J r' a, "‘r F ' H*"- ft /"“* “‘I"', C. pondlm,.™ Hubr. 
mn GtUbe ' * ^ **-»* Ebienb., M. 

Meckelia asulcata M‘Inl. 


Order in. Palaeonemertea. 

The proboscis is unarmed. The epidermis and connective 
tissue form one layer. Mow which is the basement membrane 
The muscular layers are three in number, two circular separated 
by a longitudinal layer. The nerve-cords lie altogether external 
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to the muscular layers, and are connected together throughout by 



Fro. 59. — Carinclla macintosh i 
Burger, drawn from the living 
specimen, slightly contracted. 
Plymouth. Considerably mag- 
nified. a, Auterior end ; 6, 


a plexus. Xo nerve branches are 
given off. The brain is not divided 
into lobes. The cephalic slits are 
only represented by a shallow depres- 
sion on each side of the head, and 
no canals have been observed leading 
from them. The intestine is straight, 
and the pouches are usually absent 
or rudimentary. The circulatory sys- 
tem is largely made up of lacunar 
spaces, the closed system being but 
little developed. 

Principal British genera and 


posterior cud. 


species : — 


Carinella annulata Mont., C. lineains (Mont, MS.) M‘Int., C. macintoshi 
Burger (Fig. 59), C. polymorjjha Ren. 

CephalothrU bioculata Oerst., C. linearis Rathke. 

Valencinia linefonnis M‘lnt 


A most important monograph by Burger 1 on Xemertines has 
just been published, but unfortunately it appeared too late to 
be adequately considered here. He gives an elaborate account, 
illustrated by admirable figures, of the present state of our know- 
ledge of this group, and his work will be indispensable to future 
students of the subject. The older systems of classification are 
criticised, and the following scheme is adopted in their place : — 
Ohdek I. Pkotonemeutini ( = part of the Palaeonemertea, 
e.g. Carinclla). — The brain and lateral nerve-cords lie outside the 
muscle layers in the epithelium or below the basement membrane. 
The body-wall consists of the following layers: epidermis, base- 
ment membrane, circular muscles, and longitudinal muscles. The 
mouth lies behind the brain. The proboscis is unarmed. 

Okdeu II. Mesoxemeutini ( = part of the Palaeonemertea, 
e.g. Cephalothrix). — The characters of this Order are similar to 
those of the Protonemertini except that the brain and lateral 
nerve-cords lie in the muscle layers. 

Oudek III. Metaxemeutini ( = Hoplonemertea). — The brain 
and lateral nerve -cords lie in the parenchyma of the body 
internal to the muscle layers. The layers of the body-wall are 

1 Faioui uiul Flora G. von X&ijicl, 22 Monogr. 1895. 
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similar to those of the Protonemertini. The mouth lies in front 


of the brain. T^ie proboscis is armed. At the junction of the 
fore- and mid-gut a diverticulum is given oft' which projects for- 
wards beneath the fore-gut and ends blindly in front. 

Order 1\. Heteuonemeutini ( = Sehizonemertea, and the 
genera Eupolia and Valcncinia, placed provisionally by Hubrecht 
in the Palaeonemertea). — The body-wall consists of the following 
layers : epidermis, thick cutis, and an outer and an inner longi- 
tudinal muscle layer separated from one another by a circular 
muscle layer. The brain and lateral nerve-cords lie between the 
outer longitudinal and the circular muscle layers. ' he mouth 
lies behind the brain. The proboscis is unarmed. 

Development of the Nemertinea. — The development of the 
PwklUUliemertca ic^at- present not-known : in the Schizonemertea 
a laival stage occurs; while in the Hoplonemertea the egg 
develops directly without undergoing any metamorphosis. 

Ihere are two forms of larva characteristic of the Schizo- 
nemertea, known respec- 
tively as Pilidium and 
the Type of Desor. The 
Pilidium is hatched 
early and leads a free- 
swimming existence, 
whereas the Type of 
Desor, though in many 
respects resembling it, 
never passes through the 
free-swimming phase. 

The Pilidium (Fig. 

60) is a helmet-shaped 
larva bearing a tuft or 
spike dorsally, and pro- 
longed downwanls later- 



ally into a pair of lobes. Fl0 ' o of n Pilidium larva. (After 

wnoie larva IS mo, mouth, seen through oue of the lateral lobes • 

covered with cilia, there * ’ fibrea ’• *'- r ’ uerve ‘ ri,l R i U 'J< ueno 

being a specially strong ^ ; "• • 

tad round its veutraf surface. The dorsal spike is composed 
« a bunch of strongly developed cilia or of a long flagellum. 
The alimentary canal consists of a sac constricted into oesoplm- 
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geal and gastric regions (Fig. 60, oes and st ). In this condition 
the larva swims about freely in the water. The helmet-shaped 
Pilidium-skin forms no part of the future Nemertine, the skin 
of which is developed as ingrowths from it ; these meet one 
another and unite to form a complete covering round the 
alimentary canal ; the larval skin is then cast off, and by a 
series of gradual steps the embryo develops into the adult. 

Habits. — Nemertines are often found under stones between 
high- and low- water marks, lying on sandy or muddy bottoms. 
They are usually in the form of coiled masses, and are generally 
in a state of quiescence. Hence it is probable that their period 
of activity is during high-water, and that when left by the 
receding tide they subside into a resting condition. 

The large kinds, sucli as Linens marinus, seem to be always 
found living alone, but some of the smaller kinds, notably Tetra- 
stemma dorsale and Prosorhochmus claparedii, have gregarious 
habits and live in masses, the coils of the different individuals 
being inextricably mixed. 

Some species, such as Micrura purpurea, Amphiporus pulcher, 
and Cerebratulus angulatus, frequent empty bivalve shells, while 
Nemertines are often found in empty limpet shells adhering to 
rocks in tidal pools. Other smaller forms resort to no such definite 
protection, but live among seaweeds ; some of these remain naked, 
while others secrete for themselves tubes of a membranous or gela- 
tinous consistency. Borlasia elizabetliae lives in a burrow of clay. 

Nemertines are commonly dredged from a depth of six or 
eight fathoms. They may sometimes be found floating on the 
surface of the water, and some possess the power of swimming 
rapidly, propelling themselves by a lateral motion of the tail, 
the sides of which are in such cases prolonged into a thin fin- 
like edge. This mode of progression is usually adopted by those 
which frequent deep water. A pelagic Nemertine ( Pelagone - 
mertes ) was discovered by Moseley near the southern verge of the 
South Australian current, being found in a trawl with deep-sea 
forms from a depth of 1800 fathoms. This animal was leaf-like 
in shape, bluntly pointed behind and rather square in front. 

The power possessed by Nemertines of secreting mucus is 
very great, their course being often traceable by the tracks which 
they leave behind them Many of them glide along with great 
rapidity, a mode of progression which is probably due to the 


HABITS FOOD REGENERATION 


cilia covering the whole outer skin, and to the extreme contrac- 
tility of the muscles of the body- wall. In some locomotion is 
effected by the proboscis ; this is protruded and attaches itself 
by means of its spines to some foreign body, after which the 
body is drawn up after it. This has been specially observed in 
a land form, 1'etrastemma agricola, discovered by Willemoes-Suhm 
in the Bermudas. On solid bodies the movement is a kind of 
crawling action, the head and mouth acting as suckers in much 
the same way as in many Leeches. 

Most Nemertines can be very readily kept in confinement. 
The chief apparent effect of such a life is a loss of colour, the 
animal gradually becoming pallid in hue. Owing also to the 
absence of proper food they diminish very much in size, though 
e\en when all food is kept away an animal will sometimes 
continue to live as long as eighteen months. 

Food.— Nemertines are carnivorous in their habits and are 
very voracious, devouring any prey which comes in their way, 
whether it be living or dead. No animal food seems to come 
amiss to them, and they will devour creatures of considerable 
size. When in contact with its prey, the Nemertine dilates its 
mouth to a large extent, and the anterior end of the oesophagus is 
thrust out and engulfs the animal. Chaetopods form a favourite 
food material, the whole animal being swallowed quite regardless 
of the hard ehitmous bristles and spines with which it is beset. 
The soft parts are gradually digested, the bristles and other 
indigestible portions being extruded by the anus. The larger 
spines often pass out by perforating passages through the wall° of 
the intestine and through the body-walL The aperture thus 

extrudei Pear8 * P y t0 ^ * fter the forei S n body bas been 

The carnivorous habits of Nemertines even extend to canni- 

anothe/ thi Pt “ 000611611161111 the * frequently devour one 
another. For this reason it is unsafe to keep larae and small 

kinds together as the small ones speedily disapjLar, beinc used al 

food material by the large. If one be divided into several pieces 

:=»ar. twsrsL . 

See M Intosh, Briluh Annelids, Ray Society, 4to, 1873. 
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chief power of regeneration is situated in the head, as, if a very 
short piece be broken of!' the anterior end of the body, it very 
rapidly reproduces itself into a new individual. The hind 
end of the original body often lives for a considerable time, 
but it does not in most cases appear to possess the power of 
reproducing a head, and after existing for a time it dies. For a 
while, however, it so far retains its vital powers that the gener- 
ative products continue to grow, and actually attain to perfection. 
Severe wounds also heal very quickly and completely, and all 
local injuries are speedily repaired. 

Owing to the force with which it is shot out, the proboscis is 
often completely severed from the body, and in such a case the 
animal grows a new one in an extremely short space of time. 
The proboscis thus broken off retains its power of movement 
and contractility for a considerable time, and has been more than 
once mistaken for a worm. This great vital power is probably 
due to the great development of nervous tissue, the proboscis 
being usually richly supplied with nerve plexuses. 

One large form, Linens sanguineus, seems to possess great 
recuperative powers. It shows a marked tendency to break tip 
into pieces, when not only the head end, but also the other 
portions develop into perfect animals, each one growing a 
head and all the organs belonging to it. Thus in this case an 
animal may multiply by a simple process of transverse fission, 
and form numerous complete individuals. 

Breeding. — The breeding season only appears to cease in 
the extreme of winter. Different genera and species seem to 
mature their generative products at different times. 

In the armed Nemertines the eggs are deposited separately, 
and are not connected together except by such accidental mucus 
as the animal deposits normally ; but in the unarmed a special 
mucous secretion forms a thick investment for the eggs. 

M‘ In tosh 1 has observed the process of the deposition of the 
male and female products in Nemertes gracilis. He put into a 
glass vessel a male and female of this species in which the 
products were apparently ripe. Soon spermatozoa began to issue 
in wreath-like jets from the body of the male, at first from the 
middle region of the body, and afterwards anteriorly and pos- 
teriorly, until the animal was enveloped in a- dense cloud of sperma- 

1 Loc. cit. 
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tozoa. The whole process only lasted a few minutes. When all 
the spermatozoa had apparently been given out, the female was 
seen to protrude her head from the sand ; she then passed to 
the side of the vessel and deposited a group of eggs about three 
inches distaut from the spermatozoa. 

With only a few exceptions Nemertines are oviparous. Prosor- 
hochmus clnparedii, Tetrastemma obscurum, and Monopora vivipara 
have been observed to contain embryos at certain times of the 
year. In other forms the eggs are laid when ripe, and develop- 
ment takes place subsequently to their deposition. 

Geographical Distribution. — Nemertines have been found in 
all seas from the arctic to the equatorial regions. Many forms 
are found in the British Isles both between tide-marks and also 
at greater depths around our coasts. Some genera seem to 
be confined to warm climates and others to cold ; while others 
appear to be indifferent to climate, and to subsist equally well 
under very various degrees of temperature. So far as is known, 
the land forms are all indigenous to warm countries. 

Land Forms. — Land forms, which occur on or in moist earth 
under stones or decaying vegetable matter, have been discovered 
and described by Semper, 1 Willemoes-Suhm, 1 and von Graff. 1 

The species found by Semper, and called by him Geonemertes 
palaensis, lives under damp leaves and the roots of trees on 
Pelew Island in the North Pacific. It is about 2 inches long, 
of a reddish-white colour, with narrow, brownish-black, longi- 
tudinal stripes on its dorsal surface. It possesses six eyes and 
very small cephalic slits and cerebral organs. The proboscis is 
armed, and opens by the mouth instead of by a special pore. 

The same peculiarity as to the opening of the proboscis is 
found in Geonemertes chalicophora, discovered by von Graff in pots * 
of Corypha australis in the palm-house at Frankfurt-on-Main. He 
found specimens on and beneath the surface of the earth. As it was 
only found in pots in which this Australian plant was growing, von 
Graff thought it almost certain that it was a native of Australia. 
Those found below the surface of the earth were surrounded by a 
transparent tube in which particles of earth were embedded. The 
animal is small, only about two-fifths of an inch in length. The 
colour is milk-white, with a small quantity of red pigment ante- 
riorly : there are four eyes, and the cephalic slits are absent. 

1 References to these works are given on p. 101. 
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The species which was discovered by Willemoes-Suhm, and 
named by him Tetrastemma agricola, lives under stones in damp 
earth in the Bermudas. It differs from the other two in that 
the proboscis opens by a special terminal aperture. It measures 
nearly an inch and a half in length, and, like G. chalicophora , is 
milk-white in colour. It resembles it also in possessing four 
eyes, and in the absence of cerebral organs and cephalic slits. 

Fresh-water Forms. — In most cases the descriptions of 
fresh -water forms are so vague and incomplete that it is difficult 
to determine whether or not they are different species. 

They are probably more numerous than is at present known, 
and are certainly scattered widely over the face of the earth, since 
they have been found in Nicaragua, at Tashkend in Turkestan, 
and at Philadelphia and Monroe in the United States. 

A form of which we have a full description is Tetrastemma 
aquarium dulcium, found by Silliman 1 at Monroe, under stones 
in brooks in company with Planarians. It is a small worm of a 
red or pink colour, about half an inch in length, and it possesses 
usually three pairs of eyes. The proboscis is armed, and opens 
by a separate aperture. The excretory system consists of a 
vessel on each side of the body, each opening externally by a 
pore, and internally dividing into numerous branches which end 
in ciliated expansions. An individual of the same species was 
found by Beddard in one of the tanks in the Botanical Gardens in 
Regent’s Park, but as the tank is one in which tropical plants are 
grown, it had almost certainly been introduced among the roots 
of the plants, and cannot be considered as a British species. 

A fresh-water Nemertine belonging to the genus Tetrastemma 
was, however, found by Benham 2 on the roots of some water 
plants in the Cherwell at Oxford. The specimen was of a bright 
orange colour and measured half an inch in length. 

Du Plessis 3 found another fresh-water form on the lower 
surface of stones in shallow pools on the shores of the Lake 
of Geneva, and named it Tetrastemma lacustre. It is a small 
animal, the largest specimens being rather over an inch in length. 

Another European genus was found in 1893 by F. E. Schulze 
in Berlin. It has been fully described by T. H. Montgomery, 4 who 
has given it the name of Stichostemma eilhardii. 

1 Zeitsehr. xotss. Zool. Bd. xli. 1885, p. 48. - Nature, vol. xlvi. 1892, p. 611. 

3 Zool. An:, vol. xv. 1892, p. 64. 4 Zeitsehr. unss. Zool. Bd. lix. 1895, p. S3. 
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Parasitic Forms. — The genus Malacobddla was found by 
von Kennel 1 in large numbers living on Cyprina islandxca, 
a Lamellibranch Mollusc, in the harbour at Kiel ; and it 
has also been described by Riches 2 as a British form. It 
is attached to its host by means of a large round sucker 
situated at the posterior end of the ventral surface, while 
the rest of the body waves about freely in the mantle-cavity. 
It is perhaps hardly correct to describe this animal as para- 
sitic, since it does not appear to obtain its nutriment 
at the expense of the host by preying on its juices. The 
advantage of its position is, however, 
obvious, since a perpetual current of 
water is kept up in the mantle -cavity 
of the Mollusc, and from the stream the 
Neinertine is able to pick out and take 
for itself any food material which it 
considers suitable. At the same time ^ 

it is not subjected to the influence of the Fl0 ^^_ Maiaeobdd ia ffr ossa 
winds and waves, as the shell of the O. F. Mull., a large female 

mollusc acts as a barrier to prevent the ^‘“ e " oa Kennel.)* A 

entrance of disturbing elements. From the dorsal surface ; B, 

,,, ..... , . . , j from the ventral surface. 

Malacobdella is short ana broad, some- 
what flattened dorso-ventrally. The anterior end is bluntly 
rounded. The mouth opens into a wide pharynx, which is con- 
stricted behind and then passes into the intestine ; this after a 
few coils opens by the anus situated dorsally immediately above 
the sucker. The proboscis opens into the pharynx. 

Palaeontology. — Nemertines are unknown in a fossil state ; 




a 


this is probably owing to the softness of their bodies, which would 
render their preservation extremely improbable. 

Affinities. — Until recently the Nemertines were regarded as 
a sub-order of the Turbellaria. They were afterwards separated 
from the Turbellaria and placed as a distinct class of the phylum 
Platyhelminthes. 

Some zoologists have considered them to be so different in 
many respects from the other classes of the Platyhelminthes as to 
justify their being altogether separated from that phylum, and 
treated as a distinct group. 


1 Arb. Inst. Wurzburg, Bd. iv. 1877-1878, p. 806. 

1 Joum. Mar. li\ol. Ass. vol. iii. 1893-1805, p. 22. 
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If, however, the recent work of Burger on the excretory system 
is to be relied upon, the existence of tiame cells would be a strong 
reason for classing them among the Platyhelminthes. 

Hubrecht 1 has instituted an interesting comparison between 
Nemertines and Vertebrates. He compares the median dorsal 
nerve of Nemertines to the spinal cord of Vertebrates ; the lateral 
nerve-cords to the nerve of the Vertebrate lateral line ; and the 
lateral swellings which constitute the brain in Nemertines to the 
lateral ganglia of the cephalic region in Vertebrates. This view is 
strengthened by the existence of transverse nerves connecting the 
lateral and dorsal nerves of Nemertines, since these may be com- 
pared with the spinal nerves of Vertebrates. He suggests that botli 
Nemertines and Vertebrates may have arisen from a vermiform 
animal possessing a nervous layer in the form of a plexus of nerve- 
fibres, the nerve tissue having become concentrated along three 
lines to form a median dorsal and two lateral nerve trunks ; the 
former being specially developed in the Vertebrata and the latter 
in the Nemertines. Hubrecht further suggests that the noto- 
chord of Vertebrates may be a survival of the proboscis sheath of 
Nemertines, while the proboscis of the latter may be represented 
by the invagination to form the pituitary body in Vertebrates. 

Certain authors 2 have suggested that indications exist of a 
relationship between Nemertines and Balanoglossus. 

The features which are supposed to indicate this are the 
elongated vermiform shape showing no external signs of segmenta- 
tion ; the ciliated smooth skin and the possession of unicellular 
mucous glands ; and the protrusible proboscis, which may be 
comparable to the non -retractile proboscis of Balanoglossus, a 
comparison which is strengthened by the fact that in some 
Nemertines a sheath of nerve-fibres exists in the wall of the 
proboscis corresponding to the nerve plexus in the proboscis of 
Balanoglossus. In both cases an ectodermic nerve plexus exists 
with local thickenings along definite lines, although these lines 
are not the same in the two cases. Both possess a straight 
alimentary canal, ending in a terminal anus and thrown out into 
paired lateral caeca, between which are the paired metamerically- 
arranged generative sacs. 


1 Quart. J. Micr. Sei. vol. xxiii. 1883, p. 349; Ibid. vol. xxvii. 1887, p. 605. 
3 Cf. Willey, Amphiozus and the Ancestry of the Vertebrates , Macmillan, 1894. 
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NEMATHELMINTHES 

INTRODUCTION NEMATOD A ANATOMY EMBRYOLOGY CL ASSI FI- 
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FILARI1DAE MERMITHIDAE ANGUILLULIDAE ENOPLIDAE 

PARASITISM NEMATOMORPHA ANATOMY CLASSIFI- 
CATION LIFE-HISTORY ACANTHOCEPHALA ANATOMY 

EMBRYOLOGY CLASSIFICATION. 

The Nemathelminthes include three sub-Orders of very different 
size and importance. These are — 

i. The Nematoda. 

ii. The Nematomorpha (Gordiidae). 

iii. The Acanthocephala. 

Although the members of these groups differ considerably from 
one another, on the whole there is a closer resemblance between 
them than between any one of them and any other group of 
animals, and there is a certain convenience in arranging them 
under one head. ° 

The following characteristics are common to all three groups 
of the Nemathelminthes : they are worm-like in form, and with 
few exceptions are parasitic in the bodies of other animals, either 
Vertebrate or Invertebrate. Some of them spend their whole 
existence within the bodies of their hosts, but more commonly 
they are only parasitic during a certain period of their life; a 

fe . W ’ ho ^ ever > lead a free Hfe in water or in damp earth. None 
ot the Nemathelminthes are segmented — that is, their bodies are 
not divided into a number of parts which serially repeat each 
other, and which resemble more or less closely the preceding and 
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succeeding parts. They are not provided with any appendages 
or limbs, but sometimes bear a few bristles or hooks, and in rarer 
cases suckers. The body, which is elongated and, as a rule, 
thread-like and tapering at each end, is enclosed in a thick 
cuticle or hardened secretion of the underlying cells. In no 
Nemathelminth is there any closed vascular system, nor are 
special respiratory organs developed. 

In many respects the most remarkable peculiarity of these 
animals is that, with the possible exception of the excretory 
organs of the Acanthocephala, there is a complete absence of cilia 
throughout the whole group. In this respect they resemble the 
Arthropoda. The universal presence of these small flickering 
processes of cells from man down to the simplest unicellular 
organisms makes the absence of these structures most remarkable. 
In many animals they are the sole organs of* locomotion, and in 
almost all they perform very important functions, both in bring- 
ing food and oxygen to the body, and in removing waste matter 
from it. At present there seems to be no adequate explanation 
for their absence in the two large groups mentioned above. 

Nemathelminthes are, with hardly an exception, dioecious — 
that is to say, their male and female reproductive organs are in 
different individuals. Their young do not differ markedly from 
the adults, except in the absence of sexual organs, but the im- 
mature stages are usually termed larvae, and not infrequently 
either inhabit a different host from the adult, or are free when 
the adults are parasitic, or vice versd. 

Sub-Order L Nematoda. 

Anatomy. — The Nematode worms, or thread- worms, form by 
far the largest and most important division of the group Nema- 
thelminthes. The number of species is great, and although the 
conditions under which they live are of the most varied kind, 
there is, as a rule, little corresponding difference in structure, 
and hence the determination of the species is attended with no 
small difficulty 

With few exceptions the shape of the body is filiform (Figs. 
GO and 71), the two ends being more or less pointed, and the 
posterior end of the male, which is generally a smaller animal than 
the female, is usually slightly recurved. The worms are, as a rule. 
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white, or of the colour of polished ivory ; they may he opaque or 
semi-transparent, but pigment spots are rarely developed. 

Minute Nematodes abound in moist soil, around the roots of 
plants, etc., and may easily be detected with the aid of a lens 
wriggling about amongst the particles of sand and earth. Of 
the animal parasites perhaps the most familiar is the “ round 
worm ” (Ascaris lumbricoides, Nigs. 66 and 67), which inhabits 
the alimentary canal of man ; others are common in domes- 
ticated animals, as A. mystax in the cat and dog, and A. 
megidocephala in the horse and ox. They are also found living 
parasitically in plants (Fig. 77), causing the formation of galls 
and other pathological growths; Anguillula ( Tylenchus ) tritici 
causes in this way considerable damage to corn, and others 
attack root-crops, cabbages, etc. The “ vinegar eel ” (. Anguillula 
aceti), which occurs so often in weak vinegar, is another familiar 
example of this group. 

The Skin. — The body of the worm is encased in a relatively 
thick, transparent, smooth cuticle, which is turned in at the various 
apertures, and lines the tubes connected with them for a greater or 
less distance. The cuticle is in some cases raised to form spikes or 
hooks, and in certain species, e.g. Ascaris mystax and A. transfuga, 
it is produced into two lateral fins, which are supported by a 
thickened triradiate rod of specialised cuticle (Fig. 62); these 
fins, however, do not run far down the body. As a rule the 
cuticle is quite smooth, but it may be ringed, as in Filaria 
laticaudata and in F denticulata ; and the rings may bear back- 
wardly-pvojecting teeth. 


The skin of Nematodes consists of three layers — (i) the 
above-mentioned cuticle, which is presumably secreted by (ii.) the 
sab-cuticle or epidermis which underlies it; the latter surrounds 
m its turn (iiL) the muscular layer. 

The nature of the sub-cuticle is one of the dehateable points in 
the morphology of the Nematoda. No cell outlines have been 
detected in it, although nuclei are scattered through it; it is in fact 

?7 t0pla8mic ma£S in Which 0611 limits cannot be 

m o hhnt °r the 06118 formi "g i4 h “ ve broken down 

■l n „“ ® ese f0 ™ a meshwork, which is occa- 

Ilono th^ ; a8 \ fOT ,nStanC6 ' roimd ‘he nerve-cords. 

hZ th 1 “ aDd VeDtral Uues - a l«»g the lateral 

lines, this tissue is heaped up in such a way as to divide the 
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enclosed muscle - cells into four quadrants. These thickenings 
surround dorsally and ventrally a specialised nerve-cord, and 
laterally the excretory canals. 

According to Jamiues 1 this lack of differentiation in the sub- 
cuticular layer is caused by the early appearance of the cuticle, 
which he thinks is necessitated, at any rate in many of the 
parasitic forms, by the action which the digestive juices of the 
host would have on the otherwise unprotected body-wall. 



Fia. 62. — A transverse section through the body of A sear is tranqfuga Rud., in the region 
of the oesophagus : «, the muscular oesophagus with its triradiatc lumen ; b, the 
cuticle ; c, the sub-cuticle ; d, the muscular layer ; e, the lateral nerves running iu 
the lateral line ; /, the excretory canal ; < 7 , the dorsal, and h, the ventral uerve ; «, 
the triradiatc rod iu the fin. 

The nervous system, according to the same writer, is of the same 
nature as this sub-cuticular tissue, only it is more differentiated, 
or perhaps we should say it has retained more of the primitive 
cellular character of the embryonic tissue. The fibres of the 
sub-cuticular tissue are closely connected with the fibrils which 
compose the spongioplasm (Fig. 64, d) of the muscles, - and form 
also the sheaths of the various nerves ; in fact the passage 01 
these fibrils into the nerves is so gradual that it is impossible 
to make any separation between them. 

1 Ann. Sei. not. 7, s£r. vol. xiii. 1892, p. 321. 

2 E. Rohde, SB. Ak. Berlin, 1892, p. 515. 
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The Nervous System. — The central organ of the nervous 
system is the circumoesophageal ring which surrounds the 
pharynx, close to the anterior end of the body, in A. megcilo- 
ccphala 1| to 2 mm. behind the mouth. 1 Ganglion cells are 
found in the ring, but they are not numerous, and are chiefly 
aggregated round the points of origin of the nerves. 

Six short nerves, three on each side of the median line, run 
forward from the ring, a pair of these ending in each of the three 
papillae which surround the mouth. 

Behind, the nerve-ring gives off six main nerve trunks, of 
which the dorsal and ventral nerves are usually the largest. 



Fio. 63.— Dia^am of tho nervous system at the two ends of the body in Ascaria 

SSL-*" * “ 


These run in the median dorsal and ventral thickenings of the 
sub-cuticular tissue, and are connected one with another hv 
numerous fine iaterai branches running through the sub-cuticle. 

or tw 6 ?* teral , nerv “> wbich ““to of two or four bundles, one 

r„ lymg d ,° rS f a “ d ° Ue or two vent ral to each excretory 

fiom ’tl TO a °y igi “- The doraal arise directly 

fmm the nerve-ring, and at their point of origin there is a con- 

s derable accumulation of ganglion cells, from which two com 

miss ores. on. f° h slde run “to the ventral nerve (Fig 63 /) 

^ ^ ~ —-cord nnll 

the lateral n the . eicret ory pore. At the posterior end 

the lateral nerves pass into the two branches into which the 

ventral nerve dividea Just before the point wlmra the veutnd 
1 K. Hme, ZriUd, r . ,oiu. Zod. Bd. Iiv. 1892, p. MS. 
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nerve splits it swells out into an anal ganglion situated just 
in front of the anus. In the male 1 this anal ganglion gives off 
two lateral nerves which pass round the cloaca and form a 
ring, and in this sex the ventro-lateral nerve, which is much 
strengthened by fibres from the ventral nerve, and has received, 
owing to the mistaken impression that it was a special nervus 
recurrens, the name of the “ bursal nerve,” gives off numerous 
branches to the sense papillae which are found in this region of 
the body and on the tail. The arrangement of these parts is 
shown in Fig. 63. 

Sense organs are but poorly developed in the Nematoda, as is 
usual in animals which are, as a rule, either parasitic or live 
underground. Eyes, consisting of masses of dark pigment with 
or without a lens, occur in the neighbourhood of the circum- 
oesophageal nerve-ring in some free-living forms. Leuckart has 
described some hollow vesicles with granular contents lying near 
the left excretory duct, just where it bends in towards the pore, 
which may possibly be of the nature of auditory organs ; but the 
chief sense organs are the papillae, of which in A. megalocephala 
there are two kinds, the lip papillae being distinguished from the 
genital papillae by the fact that the nerve supplying them ends 
in a fine point and pierces the cuticle in the former case, whilst 
in the latter it swells out into an “ end-organ,” which is always 
covered by a layer of cuticle, though sometimes by a very thin 
one. 

Muscular System. — The muscular system is one of the most 
characteristic features of the Nematoda, both as regards the 
histology of the muscle-cells and the way in which the cells are 
arranged. 

Each muscle-cell is of considerable size, and is of the shape of 
a somewhat flattened spindle produced into a process near the 
middle. Each end of the spindle cell is said to be continuous 
with the fibrils of the sub-cuticular layer.' 2 The muscle-cell 
consists of two portions, a contractile part which lies next the 
sub-cuticle, and which usually, to some extent, wraps round the 
second or medullary half. The latter consists of a fibrillax 
spongioplasm, in the meshes of which lies a clear structureless 
hyaloplasm. The nucleus always lies in the medullary half. 

» E. Rohde, Zool. Bcilr. Bd. i. 1885, p. 11. 

- E. liolidc, Zool. An:. xvii. 1894, p. 38. 
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The contractile portion consists of a number of columns, very 
regularly arranged in two rows and close together, but allowing 
sufficient space between adjacent 
columns for fibrils of the spongio- 
plasm to penetrate ; and these be- 
come continuous with the fibrils 
of the sub-cuticle, which is thus 
intimately connected with both 
nervous and muscular systems. 

The medullary portion of the 
cell varies greatly in size ; it may 
.stretch far into the body-cavity, 
which may be thereby almost oc- (Sp 
eluded, or it may be flattened out, Sgl 
leaving a large space around the y? 
alimentary canal. At one point, 
usually about its middle, it is 
produced into a process, which 
bends inwards towards the dorsal 
or ventral nerve -cord, and by 
means of this process the muscle 
receives its nerve supply. l " 

In most Nematodes there ure 
numerous muscle-cells to be seen 
in any transverse section, forming - 
a layer within the sub -cuticle, *1 

and broken up into lour quad- s f me thro, ‘? h a liervo fibre showiug 

rants (*lg. 62 ) by the projec- the sheath. (After Rohde.) 

tion of the dorsal, ventral urtA Cuticle; 6, sub-cuticular fibres contiuu- 

lateral thipl-pninoo 4.1 * ° us ***** ^ contractile columns; 

lateral thickenings of the sub- <*1 network of spongioplasm ; t 

cuticular tissue. In some genera, uuc,eus ' 

lw Vei ' 8 W aa u 0xym ' ie ’ Stro ^« lus . Pelodtra, LtptocUra, etc.. 
Such Tuem el8ht 1 mus " le - cells “ » row. two iu each quadrant. 

p." ^ * Schneid -' “ d “ 

lhcr I “ lr addi t t , i0a 10 * he characteristic muscles of the body-wall 

male which ■?' “? tho3e which D,ove th « spicules in the 

sTch jthinT 8 6 bod y' cavit y obliquely near the anus, and 
uch as sphincter muscles near the latter orifice, which have uot 

vol. n ' M ‘™ vmphu it., Brito, ism. 

K 



— — , -Vi ocvuuu uiruugn 

tlie centre of a muscle-cell ; B, the 
same through a nerve fibro showiug 
the sub-cuticular fibres runuiug into 
the sheath. (Alter Rohde.) o y 
Cuticle; 6, sub-cuticular fibres continu- 
ous ^itli d ; Cy contractile columns ; 
d, network of spongioplasm ; e 
nucleus. 
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the characteristic arrangement of contractile and medullary parts 
described above. 

The Body-Cavity. — The skin of a Nematode, as described 
above, contains most of the important organs of the body within 
its thickness. The chief muscular system, the nervous system 
with its sense organs, and the excretory organs are all embedded 
in or form part of the skin, which in its turn encloses a cavity — 
the body-cavity — in which the other two systems of organs 
which are found in Nematodes lie. These are the digestive 
system and the reproductive system. 

The body-cavity is continuous from one end of the animal to 
the other, and is in no case divided up into compartments by 
the presence of septa or mesenteries. It contains a coagulable 
fluid with numerous corpuscles ; this is, as a rule, colourless, but 
in Syngamus trachealis Sieb. (Fig. 70), which lives on blood, 
the haemoglobin of its host tinges it red, though the colour is 
said to disappear if the parasite be isolated and starved. 

The morphological nature of this body -cavity affords an 
interesting problem. It is not a true coelom, such as exists in 
the earthworm, since it is not surrounded by mesoderm, nor do the 
excretory organs, with the possible exception of one or two genera, 
open into it, nor do the generative cells arise from its walls. 
Essentially it is a space between the mesodermic muscle-cells 
which line the skin and the endodermic cells of the alimentary 
canal, and althoimh in many of its functions it resembles the 
coelom of other ahimals, its morphological character is quite 


different. 

There are no respirator)' or circulatory organs in the ssema- 
toda ; possibly the fluid in the body-cavity acts, to some extent, 
as a carrier of oxygen, but from the inert and almost vegetative 
life of these animals it seems probable that their respiratory 
processes are slow, and in fact Bunge 1 has shown that Ascaris 
mystax, found in the intestine of the cat, will live for four or hve 
days in media quite free from oxygen, and that A. axus from ie 
pike will live and exhibit movements in the same media for from 


four to six days. , 

The Digestive System. — The mouth of the Nematoda is 

usually anterior and terminal, and is surrounded by from two to 

six projecting lips, the most common number being three. these 


1 Zeil. Physiol. Chan. vol. xiv. 1890, p. 318. 
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lips are well provided with sense papillae. The mouth leads into 
an alimentary canal, which with hardly an exception runs straight 
through the body to the anus without twists or loops. The anus 
is usually placed ventrally and is not terminal, but in Trichina 
and Trich oceph alas it is at the end of the body, and in Mermis, 
where the several parts of the alimentary canal are said not to 
communicate, it is absent altogether. Ichthyonema, Dracunculus, 
Allantonema, Atractonema, and other Filariae are also aproctous. 

The alimentary canal is divisible into three parts — (i.) the 

oesophagus, (ii.) the intestine, and (iii.) the rectum. The suctorial 

oesophagus is a very muscular, thick -walled tube, lined with 

cuticle continuous with that which covers the body, and like it 

cast from time to time. Its lumen is usually much reduced, and 

is almost invariably triangular or triradiate in section (Fig. 62). 

In many genera the hinder end of the oesophagus is swollen into 

a muscular bulb, which is armed with teeth in Seterakis, Oxyuris , 

Pelodera, Leptodera, etc. Other species, such as Tylenchus, Aphel- 

enchus, Dorylaimus, are armed with a spear, which in Onyx, 1 

a genus recently described and allied to the last named, is borne 

on a special bulb. The use of the spear is to pierce the tissue 

upon the juices of which the animal lives. A gland lies embedded 

in the thick walls of the oesophagus, and opens into its lumen 

by a fine tube. This was first described by Schneider 3 * in A. 

megaiocephala, and more recently it has been found by Hamaun 3 

in a number of Ascaridae and Strongylidae from the Adriatic, and 
also in Lecanocephcdus . 


With a few exceptions, such as ATermi,, where it is blind, the 
oesophagus opens posteriorly into the intestine. This is a sorne- 
what flattened tube, whose shape and position are often altered 
by the development of the generative organs. Its wall consists of 
a smgk layer Of columnar cells, with large nuclei coated internally 
and externally by a layer of cuticle. The inner layer of cuticle 
is usually perforated by very numerous minute pores. In some 
species the intestine is degenerate, in Mermis it is a closed tube 
opening neither into the oesophagus nor into the rectum; in 

of: z:r l v u i m / iarva ° f * consists 

single row of cells perforated by a duct, but in the adult of 


3 L , SoC ' A ' S ‘ Wala > 2nd ser. vol. vL 1891, p. 148, 

Monographic- der bcmatodcn, Borlin, i860, «>. 192 1 

Zool. Anz. vol. xvi. 1893, p. 432. 





Flo. 65. — A longitudinal 
section through the 
body of Strong ylus JUa- 
ria Rud. (From 0. 
Augstein. 1 ) A portion 
of the body, on each 
side of the excretory 
pore, is seen in opti- 
cal section, a. Mouth ; 
6, oesophagus ; c, intes- 
tine ; c/, excretory canal ; 
e, excretory pore, and 
the opening of the poison 
glands, i; /, circuiu- 
oesophageal nerve-ring ; 
g, veutral nerve ; //, dor- 
sal nerve ; t, unicellular 
poison glands ; ovary* 
with the ova separate ; 
/, oviduct ; w, uterus, 
the first egg in'the uterus 
is surrounded by sper- 
matozoa ; n, opening of 
uterus ; o, inner end of 
ovary with the ova un- 
differentiated. 

l Arch. Nalurq. 00 Jahrg. 

Bd. I. 1804, p. 205. 
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the last named there are many cells in a transverse section. In 
some genera, Leptodera and Pelodera, the lumen of the intestine 
at any one level is bounded by two horseshoe-shaped cells, but 
by far the commonest arrangement is a tube formed of fairly 
numerous columnar cells crowded with granules and with large 
nuclei. 

The rectum is usually short ; its cuticular lining, like that of 
the oesophagus, is cast at intervals. At its anterior end there 
is usually a sphincter muscle, and its walls are divaricated by 
muscular strands which run from it to the body-wall. The anus 
is a transverse slit, which in the male Strongylidae is surrounded 
by a funnel-shaped membrane. 

The food of Nematodes seems to be almost entirely fluid, and 
consists, at any rate in the parasitic forms, of the elaborated 
juices of their hosts. Little is known about the nutriment of 
the free-living forms. 

The Excretory System. — The excretory organs are peculiar, 
and, like many other Nematode structures, do not fall readily 
into line with what is known of similar organs in other animals. 
They consist of two canals embedded in the lateral thickenings of 
the sub-cuticular tissue. The canals end blindly behind, but 
near the anterior end of the body they bend inwards, and after 
uniting, open by a common pore situated in the middle ventral 
line, a little way behind the mouth. The lateral canals are in 
some cases continued in front of the transverse branch, and they 
then end blindly in the head. The walls of these canals consist 
of an internal, structureless, refractive layer surrounded by a 
granular layer with nuclei. They contain a fluid, but nothing 
is known of its composition. 

An interesting divergence from the usual form of excretory 
oigan has been described by Hamann 1 in the genus Lccano- 
cephalvs. Here there is only one canal, the right; anteriorly 
t a bends towards the ventral surface and opens by a small 
median pore close behind the nerve-ring. Posteriorly the canal 
oes not extend much beyond the middle of the body, where it 
orms a coiled mass, and diminishing in size, opens into the 

) -cavity. The same author also states that both canals in 
ocnnius have a similar internal opening; these observations, if 
con rwed, show a conformity to the ordinary structure of ex- 

1 SB. Ak. Berlin, 1891, p. 57. 
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cretory organs which was not supposed to exist in the lateral 
canals of the Nematoda. 

The Reproductive Organs. — With the exception of the 

genera Angiostomum, Pelodytes, and of 
Jlhabdoncma nigroverosum, which are 
physiologically hermaphrodite and self- im- 
pregnating, the Nematodes have separate 
sexes. The males are, as a rule, smaller 
than the females, and may usuall) be distin- 
guished by the posterior end of the body 
being curved towards the ventral surface ; a 
genital bursa, and one or more spicules are 
also peculiar to this sex. Further, the posi- 
tion of the genital opening differs ; in 
the male the vas deferens opens on the ven- 
tral surface of the rectum close to the anus, 
but the oviduct in the female opens in the 
ventral middle line, usually near the middle 
of the body, but sometimes close behind the 
ill excretory pore, or in some Strongylidae just 
in front of the anus. The tail of the male 
bears very numerous papillae, which are of 
considerable systematic importance. 

With rare exceptions, c.g. Filaria atten- 
untn, where it is double, the male reproduc- 
b mu tive organ consists of a single tube divisible 

into a testis proper, a vas deferens, a vesicula 
seminalis, where the spermatozoa are stored 
Fio. 6fl. — a scar is lumbri- up, and a ductus ejaculatorius. The tube 

sS*!** cut* ope ii* 1 a «iong stretches through the body in a straight line 
the dorsal mi.idie line, in the small free-living forms, but is thrown 

testing; ^cTtesti-f’: i ,lto loops and coils in the larger parasitic 

van (lefercn* : A. lateral Nematodes. Within the testis the mother- 
txcntorj cnmiN. ce n s 0 f tlie spennatozoa are attached to a 

rhachis or axial cord ; the mother-cells divide, and their products 
ultimately form spermatozoa. The latter have a very peculiar shape ; 
in accordance with the universal absence of cilia in the Nematoda 
the spermatozoon has no llagellum, ami at first consists of a 
spherical nucleated cell, on one side of which a cap or covering 
of .jomo refructive substance appears. The cap elongates and 
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becomes conical, whilst the protoplasmic portion of 
zoon throws out pseudopodia and 
becomes amoeboid, but ultimately 
rounds itself off again. The sper- 
matozoa do not attain maturity 
until they reach the uterus of the 
female. 

The internal female reproductive 
organs are, with few exceptions 
( Trichina , etc.), double, but the 
vagina, which is lined with cuticle 
continuous with that covering the 
body, is always single. They are 
usually much coiled, and may be 
divided into ovary, oviduct, and 
uterus. The ova arise from a 
polynucleated mass of protoplasm 
or syncytium (Fig. 65, 0 ) at the d.. 
upper end, and acquire distinct- 
ness as they approach the oviduct. 

Fertilisation takes place in the 
uterus, but the segmentation may 
not begin until some time after 
the eggs are laid : in Dochmius, 
however, it is well advanced at 
this period, and in many genera, 
e.g. Pseudalius, Ti'ichina, Dracun- 
culvs, etc., the whole development 
of the larva takes place in the 
body of the mother. 

Embryology. — The eggs of 
many of the parasitic forms re- 
quire a considerable degree of 
warmth to develop. Those of 
Ascaris lumbricoides require a 
temperature of 20° C., those of 
Trichocephalus 22 - 5° C., and those 
of Oxyuris vermicularis, 40° C. 

The latter develop in a few hours, 
the eggs of Dochmius in a few days, whilst those 


the spermato- 



of A. lumbri- 
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coides take weeks or even months, and the young of Triclio- 
cephalus seldom develop within a year . 1 2 The ova only develop 
in a damp atmosphere, and they can be arrested at almost any 
stage, and for considerable periods, by desiccation. 

Our knowledge of the processes by which the fertilised egg- 
cell develops into the larva is very imperfect. As a rule the 
segmentation is complete and equal ; it results in the formation 
of a blastula, which may take the form of a hollow sphere of 
cells A. megalocepliala — or the cavity may be reduced, and the 
blastula may consist of a double-layered plate, as in Cucullanusr 
The distinction into cells which will form the three embryonic 
layers, the ectoderm, mesoderm, and endoderm, is very early 
evident, in the eight-cell stage. By the growth of one side of 
the blastula and the tucking in of the other the blastula becomes 
converted into a gastrula, which is a two-layered stage with a 
cavity opening to the exterior by a pore termed the blastopore. 
In Nematodes the blastopore is elongated and slit-like ; it either 
forms the mouth ( Cucullanus ) or closes from behind forwards, the 
mouth ultimately arising at the point where the blastopore finally 
closed ( Rhabdonema niprovenosum). The mesodermal cells lie 
between the ectoderm and the endoderm ; they ultimately develop 
into the muscles of the body-wall, the lateral excretory canals, and 
the reproductive organs ; the last-named two systems arise each 3 
from a single cell. The nervous system arises from the ectoderm, 
which also forms the sub-cuticle, and is turned in slightly at the 
mouth and anus ; the remainder of the alimentary canal develops 
from the endoderm. 

The post-embryonic development, which is very variable, and 
in many cases very extraordinary, will be dealt with under the 
several families. 

Classification. — The classification of the Nematodes is a 
matter of very considerable difficulty; their structure is unusually 
monotonous, and, owing perhaps to their largely parasitic mode 
of life, they show practically none of those external features 
which are so useful to the systematist in other groups. Schneider 
in his Monograph divides the group into three subdivisions — (i.) 

1 Lcuckart, The Parasites of Man, English Trans, by W. E. Hoyle, Edinburgh, 
1880, p. 50. 

2 O. Ihitschli, Zcitschr. wiss. Zool. Bd. xxvi. 1876, p. 103. 

3 O. Hamami, Centrlb. Bakier. vol. xi. 1892, p. 501. 
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the Polymyarii, in which numerous muscle cells are seen in a 
transverse section ; (ii.) the Meromyarii, in which only eight are 
seen, two in each quadrant ; and (iii.) the Holomyarii, in which 
the muscles are either not divided, or only divided by longitudinal 
lines. This grouping has, however, to some extent broken down, 
since Biitschii 1 and others have shown that the third subdivision 
is founded on insufficient observation, whilst the first two include, 
in different subdivisions, Nematodes which are closely allied in 
all respects except as regards their muscle cells. 

The details of the life- history have been used by other 
writers as a basis of classification. Linstow 2 enumerates fourteen 
distinot modifications of the post-embryonic development (vide p. 
159), and Orley 3 has grouped these under three headings. The 
animals which fall under each group to some extent resemble one 
another in structure. Orley's groups are : — 

(i.) Nematozoa. — Thread-worms with free larval life, the 
mature forms being parasitic in animals. Enormous numbers of 
eggs are produced, and the development is indirect. The genital 
organs are complicated by many convolutions. 

(ii.) Rhabditiformae. — Small, as a rule microscopic, thread- 
worms, usually living free, but rarely parasitic. They become 
sexually mature only in decomposing organic substances, or in 
earth saturated with such substances. They live gregariously and 
do not produce immense numbers of ova. The metamorphosis is 
slight, or is complicated by sexual metamorphosis. The oesophagus 

has two dilatations. The genital tubes are simple and not 
coiled. 

(iii.) Anguil l u li dae. — Small microscopic thread-worms, with a 
free existence in mould or water, throughout all stages. They 
produce large eggs. They are provided with a caudal sucker 
and bristles, sometimes with eyes and other structures charac- 
teristic of a free life. Genital tube simple and not coiled. 

The disadvantage of such a system is, that to accurately place a 
specimen in its proper class we must be acquainted with its life- 
history, and this is known in but few cases. 

The determination of the species to which a Nematode belongs 
f * matt ? r of considerable difficulty. Amongst the more important 
features for purposes of classification are the arrangement of the 


1 


ZeUschr. wiss. Zoot. vol. xxiii. 1873, j>. 402. 

* An ii. j\o/. //of. 5th uer. vol. 


2 IhuL vol. xlii. 1SS5, j>. 70S. 
ix. 1S82, p. 301. 
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muscles, the character of the tail in the male, especially when 
papillae are present, the number and the size of the spicules, and 
the arrangement of the lips and mouth-parts generally. 

Cobb 1 has recently devised an ingenious formula in which 
measurements of different parts of the body appear as percentages 
of the whole length of the body. The nature of this will be 
understood by reference to Fig. 68. Such a formula should, 
however, be used with caution, since it rests on the assumption 



Fig. 68. — Diagram to explain the descriptive formula used for Nematodes. (From 
Cobb.) 6, 7, 8, 10, 6 are the transverse measurements, while 7, 14, 28, 50, 88 are the 
corresj>oudiug longitudinal measurements. The formula in this case is 

714 28 50 88 
6 7 8 10 6 

The unit of measurement is the one-hundredth part of the length of the worm. 
The measurements are therefore percentages of the length. . 

The measurements ar *. taken with the animal viewed in profile ; the first is taken 
at the base of the oesop.iagus, the second at the nerve-ring, the third at the cardiac 
constriction, the fourth at the vulva in females and at the middle in males, the 
fifth at the anus. 

that the proportions of the various parts of the body are constant 
in different individuals, and it is by no means certain that this 

is the case. 

Taking everything into consideration, it has seemed advisable 
in the following systematic account of the Nematoda to abandon 
the larger groups, and to deal directly with the families. Claus 
distinguishes seven of these, and the diagnoses given at the head 
of each are mainly taken from his Grundziige der Zoologie. 

I. Family Ascaridae. 

Body rather stout. A dorsal and two ventro-lateral lips, 
bearing papillae. Buccal cavity distinct, seldom provided with 
chitinous armature. The oesophagus often has two dilatations. 

* Maclcay Memorial Volume, Sydney, 1893, p. 252 ; and Proc. Linn. Soe. N.S. IV. 

2nd scr. vol. v. 1890, p. 449. 

2 4tli edition, 1880. 
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The tail of the male is ventrally curved, and usually there are 
two horny spicules. The Ascaridae are found in the intestines 
of their respective hosts. 

Genera : Ascaris, Heterakis, Oxyuris, Nematoxys, Oxysoma, and 
many others. 

Von Lin stow 1 enumerates over 250 species of Ascaris, of 
which it will only be possible to mention here one or two. They 
are all parasitic in Vertebra ta. 

A. lumbricoides Linn, is one of the largest known Nematodes 
(g = 4-6 in., 9 = 10-14 in.; Figs. 66 and 67). It is a 
common parasite in man, and has been found in the ox. It is 
now generally recognised as the same parasite which inhabits the 
pig, and which Dujardin regarded as specifically distinct, and 
named A. suillae. In the latter host, however, it never attains 
the dimensions it does in man. It inhabits the upper and middle 
parts of the small intestine, and has been known to escape into 
the body-cavity and set up abscesses there, or to make its way 
into the stomach, and to be voided through the mouth. It is 
practically cosmopolitan in distribution, and is very common iu 
Japan — Baely found it in twenty-one out of twenty-three post- 
mortems —and in Tonquin and tropical Africa. Heller 2 states that 
no one is free from these worms in Finland, and they are common 
wherever there is a plentiful water supply, as in the marshy 
districts of Holland and Sweden. In Iceland alone they seem 
absent. When examined alive they give off an irritating 
vapour which seriously affects some observers, causing catarrhal 
symptoms, which in Bastian’s case lasted six weeks. The 
usual number found in one host is small, one to six or eight, but 

cases are on record where many hundreds occurred *in * one 
person. 


, . f 6 det * lL * of the life-history of this form are not yet com- 
y w °rked out. The eggs leave the body of the host with 

aliment &n * {o ™ e * l 7 ifc was thought they re-entered the 
the adult 7 in ^talking-water, etc., and there developed into 
bv Tjtnni,. T r ®^ on 8 e °f host. This view has been combated 
ftTid it k "V W ° ^ ed to rear the Nematodes by direct feeding, 
M n not ^ ce d that the youngest parasites found in the 

* ^ rT Hd ^ ni ' uholo 9^ Hannover, 1878 , and Xadilrag, 18S9. 

voL vii. 1 a nnschmarotzen ” in v. Licmsseu’s Uandb. <1. sj>. Path. u. Ther . 
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intestine are already 2 to 3 mm. long. Von Linstow 1ms recently 
suggested that the larval stages may be hatched out in the body 
of the millipede Julies guttulatus, whose habits might easily lead 
it to eat the eggs of the parasite in manured gardens, etc., and 
which is itself sometimes unconsciously eaten when hidden in 
fruit or vegetables. This would account for the frequent presence 
of the parasite in pigs, and also for the fact that in man it is 
commonest in children who are apt to eat windfalls, and in 
maniacs and people with perverted tastes. 

A. mcgalocephala, which is found in the horse, ass, zebra, ox, 
etc., attains even greater dimensions than the foregoing. The 
male rarely exceeds 7 inches in length, but the female some- 
times reaches 17 inches. They are found in the small intestine of 
their hosts. Cobbold 1 succeeded in rearing larvae which attained 
a high degree of organisation when the eggs were placed 
amongst moist horse-dung, and it seems probable that the larvae 
pass into the body of their hosts in drinking water ; at any rate 
no intermediate host has yet been found, and Davaine, who fed 
cows, and Leuckart, who fed horses with the unhatched eggs, both 
failed to infect the animals they experimented on. A. mystax, 
which lives in cats, dogs, and other Carnivora, has also been 
found in man. It is provided with fin-like extensions on the 
side of its head (cf. Fig. 62), and varies much in size in different 
hosts. When first found in man it received the name of A. 
c data . It becomes sexually mature in about three weeks. 

One of the most remarkable cycles of development amongst 
the many curious life-histories met with amongst Nematodes, is 
that presented by Rhabdonema ( Ascaris ) nigrovenosum. The 
free form of this, formerly known as a distinct species, Rliabditis 
nigroveuosa, lives in the excrement of frogs, and attains sexual 
maturity in a very short time. The 6exes pair, and the fertilised 
ova give rise to embryos which hatch out within the body of the 
mother, and then l>egin to devour her internal organs. After the 
destruction of the mother, the embryos escape and live in water or 
slime, und sometimes burrow into water snails, but they undergo 
no change until swallowed by a frog. Then they make their way 
into its lungs and grow enormously, attaining a length of almost 
nn inch. This form, parasitic in the frog, is a protandrous 
hermaphrodite, which first produces spermatozoa and afterwards 

1 Cobbold’s Parasites , London, 1879, p. 246. 
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„ .a ; the latter are fertilised by the sper- 
matozoa, and give rise to rhabditiform 
embryos, which escape by the alimentary 
canal and form the free-living sexual 
stage mentioned above. Tlius in the 
life-history of this form we find an alter- 
nation of generation, a sexual free-living 
form alternating with a hermaphrodite 
parasitic form. 

Of the enormous number of other 
Bpecies of the genus, only a very few can 
be mentioned. A. transfuga Rud. in- 
habits bears ; A. Icptoptera Rud., lions ; 

A. ferox H. and Ehrbg., Hyracoidea ; A. 
dcpressa Rud., vultures ; A. rubicunda 
Sehn., pythons ; A. sulcata Rud., turtles ; 

A. mucronata Schn., the cod and pike ; 

A. incurva Rud., the 6word-fish. 

Oxyuris is Meromyarian (see p. 137), 
and is characterised by the long capillary 
tail of the female. It includes another 
human parasite, 0. vermicularis, and it is 
one which it is difficult to get rid of. 

The female has the characteristic tail 
and is about 10 mm. long. The male is 
smaller. They are found in the caecum 
and rectum of man, and cause great irri- 
tation and sometimes serious functional 
disturbance. The eggs are laid in immense 
numbers but perish in water. If whilst 
still in the egg-shell the larvae are 
swallowed on fruit or raw vegetables, etc., 
they are set free in the stomach and 
small intestine by the action of the 
digestive secretions. The distribution 
ot this parasite is universal Besides 
numerous species that inhabit the ali- 
mentary canal of Vertebrates, such as 0. 
ambigua Rud., found in hares and rabbits ; 0. am 

1 Arch. Zool. carper. 1 s4r. tom. viL 18/8, p. 283. 


V 

copula, x 60* cr. Amis ; 
b, oesophagus ; c, bulb ; <1 t 
testis ; c, intestine ; f t 
ovary. (From Galeb. 1 ) 

0. curvula Rud.. in 
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the caecum of horses ; 0. megatyphlon Rud., in iguanas ; several 
species inhabit the rectum of insects, such as 0. blattac, 0. diesingi, 
0. blatticola, found in the cockroach ; 0. spirotheca, and 0. 
hydropliili in the water beetle Hydrophilus .* 

The genus Nematoxys has the most complex arrangement of 
muscles of any Meromyarian, and forms a transition to the 
Polymyarian type. The whole body of butli sexes is covered 
with numerous irregularly scattered papillae. The members of 
this genua have hitherto been found in snakes, Amphibia, and 
eels; there are but few species. 

O.rysoma is another small genus with but three species, found 
in the intestines of opossums, frogs, and turtles respectively. 


II. Family Strongylidae. 

Mouth surrounded by papillae ; an armature of teeth or spines 
often present. The chitinous lining of the intestine projects into 
the interior as ridges. No oesophageal bulb. The male orifice at 
the posterior end of the body is surrounded by a bell-shaped bursa. 

Genera : Eustrongylus, Strongylus, DochmLus, Sclerostomum, 
Cucullanus, Syngamus, Pseudalius, Ollulanus, and others. 

The genus Eustrongylus includes two species, E. gigas Rud. 
and E. tubifex Nitsch. * The former attains in the female the 
gigantic length of 860 mm., with a breadth of 7 mm. and a 
weight of over 40 grs. 2 The male is a quarter to a third as long 
as the female. This parasite inhabits the kidney capsules of carni- 
vorous animals, especially of those that eat fish, such as dogs, 
seals, etc., and has occasionally been found in man, the horse, 
and the deer. It frequently destroys the substance of the 
kidney. The worms are red in colour. The eggs die when 
exposed to desiccation for a few days, but have been kept alive for 
fifteen months in water; it is believed by Schneider aud Leuckart 
that they are eaten by fish, and that the larvae form the Filana 
cystica found in the peritoneal membrane of the fishes Galaxuts 
srriba and Symbranchus laticaudatus, and that they pass in o 
their final host, where they become sexually mature, by the latter 
eating naw fish. E. tubifex is found in aquatic birds, e.g. ducks, 
grebes and divers, etc. 

1 Arch. Zool. cxjtcr. 1 s.'r. tom. vii. 1878, p. 2S3. 

2 ilalbiani, Ann'.. Physiol. 7tli year, 1870-71, p- 180. 
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The genus Strongylus is easily recognised by its conspicuous 
genital bursa, strengthened by variously arranged ridges which are 
of specific value. There are numerous species, found for the most 
part in mammals, but also in birds and reptiles. Some species 
inhabit the intestine, others form aneurisms in the large blood- 
vessels, and cause considerable mortality amongst horses ; others 
live in the tracheae and lungs of cattle and sheep, their presence 
often causing great loss to the farmer. No intermediate host has 
been satisfactorily demonstrated ; the larvae live in damp earth, 
and it seems almost certain that they pass directly into their 
host with its food. 

Dochmius ( Ancylostomum ) duodenalis, called by Neumann 1 
Uncinaria duodenalis, is one of the most dangerous parasites that 
attack man. It lives in the duodenum and jejunum, and the 
fertilised eggs leave the body of its host with the excreta, and in 
damp earth develop into larvae in the course of a few days. 
These at first eat voraciously, but after undergoing several moults 
they cease to take food and pass into the resting stage. If now 
they are swallowed with drinking water, they come to rest in 
the small intestine of their host, and in a few weeks become 
sexually mature. They cause great harm by burrowing in the 
intestinal walls and destroying the capillaries. They are found 
by hundreds, and even thousands, in the same host, and pro- 
duce profound anaemia, which is frequently fatal to miners, 
and was the cause of a great mortality amongst the workers 
in the St. Gothard Tunnel some fifteen years ago. This 
species is very widely spread over the face of the globe. Doch- 
mius trigonocephala Rud. and D. stenocephala produce similar 
diseases in dogs and cats, and D. cernua Crep. is found in sheep 
and goats. 


The genus Cvoullanus exists in the adult form in the intestines 
of fishes, and more rarely of reptiles. C. elegans Zed., which live 
in fresh-water fish, e.g. the perch, is viviparous ; after birth the 
young pass into the water and make their way into the aliment- 
ary canal of the small crustacean Cyclops, and thence into its 
body-cavity. Here they undergo two moults, accompanied by 
certain changes in structure. If this second host be swallowed 
by a fish the parasites are set free, and develop generative organs. 

^ JWh# and iW * English Trans, by G. Flaming, 
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Olhdcinus Iricusjns Leuck., which in the adult state is found 
in the cat, chieily in the intestine but also in the bronchi and 
other parts, gives rise to larvae which are of enormous size 
compared with the parent ; these leave the body, and if eaten 
by a mouse encyst in its muscles, and if the mouse be devoured 
by a cat, they complete their life-cycle by becoming sexually 
mature. 


The genus Syngamus infests the trachea and bronchi of birds, 
more rarely of mammals. The red- or forked-icorni, Syngamus 

tracliealis Sieb., is common in poultry and 
game birds, and causes the disease known 
as gapes, which is especially common in 
young birds, and often gives rise to exten- 
sive loss. The peculiarity of this genus 
is that the male is permanently attached 
to the female, its genital bursa being so 
closely adherent to the opening of the 
oviduct that two specimens cannot be 
separated without tearing the tissues. The 
ova are not laid, but escape from the body 
with fully-formed embryos iu them, by the 
decay or rupture of their parent’s body. 
They hatch in damp earth or water in 
from one to six weeks according to the 
temperature. When swallowed by a fowl 
they develop into adults, which reproduce 
eggs in less than three weeks. No second 
host is needed, but the embryos remain 
alive in the alimentary canal of earth- 
Fl °- ‘jQ’—S'jngamtta troche- worms an( l these doubtless to some extent 

ami magnified four dia- serve to spread the disease, 
meters. The small <5 is 
permanently attached to 

(Fr ° m War ‘ m - family Trichotrachelidae. 



This family is characterised by the anterior end of the body 
being produced into a long whip-like neck. The mouth is small 
and devoid of papillae. The oesophagus is very long, and it 
traverses a peculiar strand of cells. 

Genera : 2'richocephalus, Trichina, Trichosoma, and others. 

1 Jounu Roy. Ayric. Hoc. 3rd series, vol. iv. 1893. 
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Trichoccphalus dispar Rud. Qiominis GmeL) 
man, and also occurs in 
some species of monkey. 

It does not live freely 
within the intestine, but 
buries its long whip-like 
anterior end in the mucous 
lining of the caecum or 
colon. The eggs pass out 
of the body of the host. 

The development of the 
embryo is slow, lasting 
many months ; whilst still 
in the egg-shell the em- 
bryos are swallowed, and 
give rise to the sexually- 
mature parasite without 
the intervention of an 
intermediate host. They 
are by no means uncom- 
mon. Davaine calculated 

that about 50 per cent of llM 

the inhabitants of Paris Fl °- ^1 - — Trichocephalus dispar Ru<L, attached to 
were infested with them, part ° f the human colon ' x 2 - 

but they give rise to little disturbance, and only very occasionally 

anise serious harm. T. ajinis Kud. infests sheep^ T. creZtus 

Rud the pig; T. dtprvmvsculus Kud. the dog; and T. unqui 
culatus Rud. the hare and rabbit. ^ 

The genus Trichosoma, with many 6oecies is n y .,,1 c j 

“ , b i rd8 ' ** also in mamma” 

^ l f ° X “ ? W0lf > * in the bladder of h 

trachea of the fox - 

cras&icauda Bel. which infest 18 &t EUy rate iu T ' 

three, or four at a time within th^t ^ 1Uale3 Hve two > 

dition of things which recalls the ° f the female * a co “- 

the Gephyrean Bone Ilia. nnilar arrangement found iu 

J^TichxTUL 8r>irali* 

trichinosis, which appear, in twnT ° f - 1 ' 8 Well ' k,10wn disease 
according to the habitat of the mtestlllttl and muscular, 

vol. ii 1 ° f the P 8 *"** The mature forms of 

L 
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both sexes are found in the intestine of man and many other 
mammals. They have been experimentally developed in birds, 
though in the latter the larval forms have never been observed. 
By keeping such cold-blooded animals as the salamander at a 
constant temperature, Goujon and Legros succeeded in infecting 
them, but the larvae perished as soon as the artificial heat was 
withdrawn. Muscular trichinosis is unknown in fishes, but the 
sexual form develops in their intestine. 

The adult parasites of the intestine are scarcely visible to 
the naked eye ; the females are 3 to 4 mm. long and more 
numerous than the males, which measure 14 to 16 mm. 
The eggs are very numerous, a single female containing at 
one time 1200, and probably producing ten times as many 
during her life. The embryos are hatched out within the uterus, 
and the larvae leave the body of the mother through the 
generative pore. The minute larvae bore through the intes- 
tinal walls of their host, and then, either burrowing in the 
tissues or swept along in the stream of blood or lymph, make 
their way all over the body, and come to rest most usually 
in the muscles, but occasionally in other parts. When the 
larva reaches its resting-place, it either pierces the sarcolemma 
and establishes itself within the substance of the muscle-fibre, 
or it comes to rest between and not in the fibres. Here 

its presence sets up the formation of 
a spindle-shaped cyst which usually 
contains but one larva, though any 
number up to seven have been found 
in one cyst. Within this the larva 
may remain dormant for years, the 
Fig. 72 .— Trichina spiralis Owen, wa pg Q f the cyst gradually undergoing 

ouf deposit. Highly magnified, a fatty or calcareous degeneration. 

(From Leucknrt.) Almost any muscle may be affected ; 

those most usually infested being the muscles of the diaphragm, of 
the shoulder-blade, and of the lumbar region ; the larvae have also 
been found in the heart. The ends of the muscles near their 
points of attachment are always the most thoroughly infested. 

The number of the encapsuled larvae in one host is enormous. 
Leuckart counted between 12,000 and 15,000 in a gramme of 
muscle, which would give a total of thirty to forty million para- 
sites in one host ; other estimates place the total even higher. 




VI 


NEMATODA FILARIIDAE 


147 


When trichinised meat is eaten, unless it has been thoroughly 
eooked, the cysts are dissolved and the larvae are set free. Within 
three or four days they become sexually mature and their ova 
begin to segment. The males after a time leave the body with 
the excreta and perish, whilst the larvae of the new brood make 
their way into the tissues of the host. 

Man usually acquires trichinosis by eating uncooked or im- 
properly-cooked pork, and the disease is so widely spread and of 
such a serious nature that most civilised countries have adopted 
rigorous methods for the detection of trichinised meat. The pigs 
either acquire the disease by eating uncooked swine’s flesh, which 
is frequently given them in the form of offal, or by devouring 
rats, which are very susceptible to the disease. ^ ' 

IV. Family Filariidae. ' ^ 


Mouth with two lips, or without lips. Six oral papillae often 
present, and sometimes a horny oral capsule. Four pre-anal 
pairs of papillae, and sometimes an unDaired one as well. Two 
unequal spicula or a single one. 

Genera : Filaria, Ichthyonema, Mystricliis, Spiroptera, Dis- 
pharagus, and others. 

The genus Filaria is a very large one. Like Ascaris, it is 
confined to Vertebrates, but usually lives in the tissues of the 
body and not in the intestines. F. (Dracunculus) medinensis 
GmeL, the guinea- worm, is well known as a human parasite in 
hot countries ; it also occurs in the horse and dog. The female 
has an average length of 50 to 80 cm., but gigantic forms with 
a length of 4 metres have been described. The alimentary canal 
is degenerate. In adult females the body is completely occupied 
y a uterus crowded with eggs and embryos, which can only 
escape by the rupture of-the mother’s body, as the genital ducts 

it^r^ 5* ° nginal h ° me “ tropical Asia and Africa, 
but It has been introduced into South America with the negroes. 

in thol Ttn ^ UP “ the sub cutaneous tissues, usually 
Whence ““ T u f Pre8en “ 8' VeS to painful tumours 
from the KA b T k he fema 6 protrude8 > and may be withdrawn 

£2 ““ ver T «"»% ^mB it round a 8tick or n 

of th t a ,° U ! VCrj ' 8lowI y> a few inches a day, as the rupture 
of the body sets free the contained embryos, and may result in 
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the death of the host. The embryos normally bore their way 
into the body of the fresh-water Cyclops, and are re-introduced 
into their Vertebrate hosts with the drinking-water. It is 
usually stated that the female alone is known, and that it is 
uncertain whether it is hermaphrodite or whether both sexes are 
present in the Cyclops. Recently I)r. Charles 1 has described a 
specimen found in the mesentery of a human subject, from an 
orilice in the middle of whose body he was able to draw a much 
smaller specimen, and he thinks this may be the long-sought- for 
male. 

Filaria immitis Leidy, the cruel worm, is common in dogs 



Fig. 73.— A, View of the heart of a dog infested with Filaria immitu 2 Leidy ; the right 
ventricle and W of the pulmonary artery have been opened «, Aorta ; I'Ulmon y 
artery ; r, vena cava ; il, right ventricle ; e, appendix of left auricle , /, «‘P1 ,0,m1 * 
righ/auriclc. B, A female F. immitu removed from the heart to show it* length. 

Natural siz«j. 


in China and the East generally. It is not unknown in America 
and Europe. It occurs in such large clusters in the right ventric e 
that it is difficult to see how the circulation can proceed. 1 he 
intermediate host is unknown, but from the prevalence of the 

> Sci. Mem. Medic. Officers, Army of India, ' ^ 1892 > P ' 61 ’ 

* Shipley, Proc. Phil. Soc. Camb. vol. v.u. 1892-95, p. 211. 
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disease in marshy country it is probably some aquatic animal. 
The larvae are said by Manson to disappear from the peripheral 
circulation of the dog during the day, but not to such a marked 
extent as do the F sanguinis hominis Lew., var. nocturna Man. 
They were found by Galeb and Pourquier in the foetus of an 
infested bitch, a fact which establishes the transmission of such 
parasites through the placenta. 

Filaria sanguinis hominis nocturna. — The female of this 
parasite has been described as living in the lymphatic glands of 
man. The embryos escape from it into the lymph, and thus 
reach the blood. According to Manson the intermediate host is 
the mosquito, in whose stomach the embryos undergo their larval 
changes. When the mosquito dies the larvae escape into the 
water, and then make their way into the alimentary canal of 
man, where they are believed to pair, and whence the female 
makes its way to the lymphatics. The presence of this Filaria 
causes great functional disturbance. One of the most remarkable 
features of it is that the larvae, which are very numerous in the 
blood during the night, disappear during the day, and are not to be 
found. Recently Manson 1 has described two new varieties : F. sari. 
horn, diurna, in which the conditions of things are reversed, the 
larvae being found by day and not by night ; and F. san. horn, 
per stans, in which the larvae occur both by day and by night. The 
larvae are long-lived, and were found by Manson in the blood of 
a negro who had not been in Africa, where it is endemic, for six 
years. The same observer is inclined to associate the presence 
of F. san. hom. per stans with the fatal disease known as “ sleeping 
sickness.” He also suggests that the mature form of the variety 
diurna is the F. loa, which is not uncommon in the eyes of 
negroes, and that its intermediate host may be one of the blood- 
sucking flies so common on the west coast of Africa. 

The genus Ichthyonema is confined to fishes. The male is 
very minute and the female partly degenerate. It has no anus 
and no external opening to its generative organs. The uterus 
fills up almost the whole of the body-cavity. I. sanguineum 
Rud. is found encapsuled in the peritoneum of many fish. 

JTystrichis and Dispharagus are confined to birds, where they 
occur in the oesophagus and stomach. Spiroptera reticulata 

1 “Tlio Distribution, etc., of Filaria sanguinis hominis," Trans, of 7th Inter. 
Congress of Hygiene, vol. i. 1892, p. 79. 
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Crep. occurs in horses, twisted in a spiral round tendons and 
muscles, forming tumours which require to be opened. 

V. Family Mermithidae. 

Nematodes without anus and with six mouth papillae. Two 
spicules in the males and three rows of numerous papillae. 

Genera : Mermis, Bradynema, Atractonema, Allantonema, 
Spkaerularia, and others. 

As a rule the Nematoda show but little trace of their parasitic 
mode of life, but in this family there is considerable degeneration, 
and in extreme cases the body of the female is reduced to a simple 
sac crowded with eggs. They are exclusively parasitic in insects. 
In some respects their structure shows a transition towards 
Nectonema and the Gordiidae ; especially is this the case in the 
structure of their ventral nerve-cord. 

The sexual form of Mermis nigrescens Duj . 1 lives in damp 
earth, and after storms and in the early morning is sometimes 
found in such numbers crawling up the stalks of plants, as to 
give rise to the popular idea that there has been a shower of 
worms. The male is unknown ; the female lays her eggs in the 
ground, and there they hatch out. It is not known exactly how 
the larvae make their way into the grasshoppers in whose body- 
cavity they live, but in an allied species, M. albicans v. Sieb., 
the larvae have been observed boring their way into small 
caterpillars through their skin, and it seems probable that the 
larvae of M. nigrescens burrow in a similar way into young 
Orthoptera. 

Bradynema rigidum Leuck . 2 is found in the adult stage living 
freely in the body-cavity of a small beetle Aphodius fimetarius, one of 
the Scarabeidae, from two to thjee to as many as thirty being found 
in one host, which does not seem much injured by their presence. 
The parasite is without mouth, anus, or excretory pore. The 
eggs hatch out in the uterus of the mother, and the larvae are 
male and female ; they make their way into the body-cavity of 
the host, and here they pass an unusually long time, five months, 
soaking in osmotically the nutriment contained in the blood 
of the insect. Eventually they burrow through the walls of 

1 v. Linatow, Arch. mikr. AnaL vol. xl. 1892, p. 498. 

3 zur Strassen, Zcitschr, iviss . ZoOl . vol. liv. 1892, p. 655. 
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the intestine, and leaving the body of their host through the 
anus, find their way to the earth. Here, according to zur 
Strassen, the females die without playing any part in the per- 
petuation of the species. The males, on the other hand, having 
developed spermatozoa whilst in the larval stage (paedogenesis), 
afterwards form ova, and are in fact protandrous hermaphrodites, 
and become the mature parasites of the beetle, though how they 
enter the body of the host is unknown. 



FXG. 74. — AllanUmtirui 
mirabiU Leuck. (From 
Leuckart.) A, Mala 
Rhabditis stage, sexu- 
ally mature, x 100 ; 
B, the mature female 
parasitic form, x 17, 
showing at the upper 
end j>art of the cap- 
sule richly supplied 
with the tracheae of 
the host, a beetle ; C, 
female Rhabditis stage, 
sexually mature, x 
100 ; D, the larva de- 
veloped from the 
Rhabditis form, x 
102 . 


The phenomenon presented by the hermaphroditism of Brady- 
nevui is, as far as we know, at present unique, as, though some 
other Nematodes are hermaphrodite, in their case the her- 
maphrodite form alternates with a bisexual generation. It is 
further interesting as showing a means by which hermaphro- 
ditism may arise, by the suppression of the females and the 
assumption of their functions by the male. In the case of 
Rhabdonema nigrovenosum, no females appear in the alternate 
generation. 
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A similar protandry exists in the parasitic forms of Allantoneina} 
of which there are several species — A. mirabile in Hylobius pint, 
A. sylvaticum in Geotrupes sylvatica, A. diplogaster in Tomicus 
typographic us ; but in their case the male and female forms which 
leave their host pair in the damp earth and give rise to larvae 



Fig. 75 . — AtracUmema gibbosum Leuck. (From Leuckart.) 1, Female with commenc- 
ing prolapsus of the uterus and neighbouring parts x 130 ; 2, a further stage, the 
female being now sexually mature, x 15 ; 3, a still older stage, with commencing 
degeneration of the body of the female, x 15. 

which make their way into the body of the beetle-grubs. Here 
they undergo very extensive retrogressive change. The body of the 
female, which becomes the shape of a thick sausage, is encapsuled 
and surrounded by a curious hypertrophied network of tracheae 
(Fig. 74). As is usually the case with the degenerate parasitic 
forms, there are practically no organs but the ovary, and this is 
1 Ru<l. Leuckart, Abh. Sachs. Gcs. vol. xiii. 1887, p. 567. 
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embedded in a fatty narenchyma which fills all the space within 
the skin. 

Atrnctonema gibbosum, which lives in the body-cavity of the 
larva of Cecidomyia pini, has a similar life-history, but the parasitic 
form has a structural peculiarity which merits attention (Fig. 75). 
At the time of sexual maturity a swelling, which is caused by the 
prolapsus of the uterus and vagina, appears at the posterior end 
of the body ; this swelling increases until it equals the rest of the 



Fia. 76. — Four stages in the life-history of Sphaerularia bornbi Dufonr, 9 . (From 
Ixjuckart.) A, Beginning of the protrusion of the uterus (b), x 66 ; B, later stage, 
x 66 ; C, later stage, x 12 ; D, the protrusion is complete, x 6. In each cose a 
represents the Nematode, and b its protruded uterus. 


body of the Nematode in size. Even this is far surpassed by a 
similar protuberance in Sj)haerularia bombi, where the evaginated 
sac grows with such extreme rapidity that in a few weeks its 
length increases from *25 mm. to 15 mm. and its volume 60,000- 
fold, the increase being due, according to Leuckart, to the increase 
in size of the individual cells and not to their multiplication. 
The Nematode which has produced this enormous growth gets 
relatively smaller and smaller, and ultimately drops oft’ (Fig. 76). 

he sexual larvae which arise from the eggs in this sac leave the 
Fody of the bee in which this species is parasitic by the anus. 
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and may live in damp earth, moss, etc., for months without taking 
nourishment, until the autumn, when they become sexually mature 
and, according to Leuckart, pair. The fertilised female is believed 
to bore her way into the humble-bee whilst the latter is seeking 
her underground winter quarters ; this accounts for the fact that 
only queen bees are infected. The parasite is widely distributed 
both in Europe and North America ; it is found in many species 
of Bombus, but most frequently in B. lapidarius and B. terrestris. 
The presence of the Sphaerularia affects the reproductive organs 
of the host, and reduces their fertility, so that an infected queen 
bee never succeeds in forming a colony. 

VI. Family Angnillulidae. 

For the most part free living and of small size. The oeso- 
phagus has usually a double swelling or two oesophageal bulbs. 
The male has two equal spicula. 

Genera : Diploga&ter, Mononchus, B,habditis, Tylenchus, Anguil- 
lula , and many others. 

Many species of this family live in humus or decaying matter ; 
others live on, or are parasitic in, plants ; some, such as Anguil- 
lula aceti, which is found in vinegar and in paste, live in organic 
fluids. 

The part played by the presence of these Nematodes in the 
soil is not thoroughly understood ; sometimes they occur in great 
numbers, and even when not directly parasitic in plants, probably 
do them much damage. Cobb 1 has recently described from 
Australia and Fiji over eighty species, one-half of them new, which 
occur mostly in the earth, and many of them among plant roots. 
They frequently crawl up on to plants, especially on to seedlings. 
An instance of this is given as follows : “ The edible part of three 
bunches of nice-looking celery bought of a Chinaman in Sydney 
was cut off as far up as it was tender, nearly to the first leaflets. 
It was washed by hand in a tin dish in tank water, free from 
Nematodes. The washings gave about 200 to 300 Nematodes, 

belonging to five different genera.” 

It is very probable that many of the free-living forms which 
have received distinct specific names may ultimately turn out to 
be but stages in the life-history of some -of the parasitic species. 

1 Macltay Memorial Vol. Sydney, 1893, p. 253. 
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Von Linstow 1 has pointed out that the free form of A. 
disaster, if found alone, would be placed m the genus Apia- 
gastcr; similarly the bisexual form of Ascaris nigrovenosa is known 

as Rhabditis nigrovenosa. 

Those Nematodes which live parasitically in plants, e.g. many 
of the genera Tylenchus and Aphelenchus and Heterodera, as 
well as those which only pierce the epidermis of the roots (the 
remaining species of the above-named genera), are provided with 
a spine which works to and fro through the mouth and assists the 
animal to bore into the tissues of the plant. Tylenchus devastatrix 
lives and reproduces in leaves and stems (never in the roots, 
except in the case of hops 2 ) of many cultivated plants, such as 
rye, oats, onions, etc. “ Clover sickness ” is probably caused by 
this Nematode. The plants become infected by the thread- 
worms in the soil during the spring ; their presence causes swell- 
ings and often kills the plant, in which case the worms return to 
the soil or remain in the straw. 

Tylenchus tritici Need, is the cause of “ ear-cockles ” in corn. 
These take the form of brown 
or purple galls, which replace 
the grains of com, and which 
contain hundreds of minute 
Nematodes. In these galls 
they are motionless, and are 
capable of surviving in dry- 
ness for at least twenty years ; 
but when moistened, — for in- 
stance, by the gall falling on 
damp earth, — they resume 

their vitality and make their Fro. 77.— A, a. Female Hetrrodm i schachtii 

way to the young wheat Schmidt, breaking through the epidermis of 

I - * ° a root ; the head is still embedded in the 

plants, and then, wriggling parenchyma of tho root : B, o, larvae boring 

up the leaves and Rtemq their way into a root ; b, larva of the immobile 

a a . nQ 8WmS ’ hmd surrounded by the old skin, living u 

nna then: way to the ear. “ n ectoparasite on the outside of the root. 

Here they pair, and produc- (FW 8truWL) 

f g^U-like growth in the flower, lay numerous eggs, from 
which arise the Nematodes of the ear-cockle. 

Heterodera schachtii 8 Schmidt, is the cause of the “ beet sick 

1 CenirU. BakUr.y oL viu. «J0, * 489. * J. Percival, Nat. Sci. voL vi. 1895, p. 187. 

A. Strubell, Bill Zool. BcL L Heft 2, 1888, p, 1. 
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ness,” and forms galls or swellings on the roots of many plants, 
in England especially on the roots of tomatoes and encumbers. 
The free larvae live in the earth and make their way into 
the smaller rootlets ; here the female larvae shed their skin, lose 
their chai'aeteristic Nematode form, and become citron -shaped 
(Fig. 78, D). The male larvae undergo a change, and after 
a period of rest cast their skin and, leaving the rootlet, seek 
out the females. The female does not undergo this second 
eedysis, but its generative organs grow and mature in what is 




Fig. 78.— A, Male He- 
terodera schachtii 
strongly magnified ; 
a, hexul lapj>et3 ; b 9 
mouth cavity ; c 9 
spine ; d , muscle 
of spine ; e, gland ; 
/• oesophagus ; <j 9 
bulh ; /*, nerve-ring ; 
t, excretory ]>ore ; j 9 
intestine ; testis ; /, 
intestine ; wi, muscles 
moving spicule; u, 
spicule: B, first mo- 
tile larva: C, second 
immovable parasitic 
larvacasting its skin: 
D f a female with one 
half of the body- 
wall taken away to 
show the coiling 
generative organs ; 
a 9 boriug apparatus ; 
b t oesophageal bulb ; 
c 9 excretory pore ; d 9 
alimentary canal ; e 9 
anus ; /, ovary : E, 
a male shortly be- 
fore casting its larval 
skin. 


practically a larval stage. The embryos develop within the body 
of the mother, and, escaping through the uterus, ultimately cause 
her death. They then make their way into the earth. The cycle 
of the development takes but four or five weeks, so that, as in the 
case of Tylcnchus devastatrix, there are several broods in a year ; 
T. tritici, on the other hand, has but one. 

Vuellemin and Legrain 1 point out that while Hctcrodera is 
injurious to cultivated plants growing in damp soil, its pres- 
ence is advantageous to those that grow in deserts. It is very 
common in the Sahara, and attacks many plants which are 

1 C. Jl. Ac. Sci. cxviii. 1894, p. 549. 



VI 


NEMATODA ENOPLIDAE 


157 


immune from it elsewhere. It causes the rootlets to swell out, 
and the bladder- like extensions thus formed act as reservoirs 
for water. 

Many other species attack plants; Tylenchus millcfolii Low- 
forms galls on Achillea , T. dipsaci Kuhn, on the teazle. They 
all seem to have great powers of resisting desiccation. The 
former species, when dried and placed in a herbarium in May, 
gave rise to active worms when moistened the following October ; 
and the corn eel-worm is said to survive twenty -seven years in a 
state of suspended animation. On the other hand, although these 
Nematodes like moisture, they cannot withstand submersion in 
water for any time. They can resist a considerable degree of 
cold, and a species, Aphelcnchvs nivalis Auriv., 1 has been described 
from Spitzbergen, where it lives in the snow amongst a small 
red alga, Sphaerella nivalis. 

VII. Family Enoplidae. 

Small, as a rule free-living, usually marine Nematodes, with- 
out a second oesophageal bulb. Eyes and mouth-armature often 
present. Fine hairs and bristles sometimes sunound the mouth. 

Genera : Enoplus, Dorylaimus, Enchclidium, and others. 

The genus Enoplus is exclusively marine, living amongst 
Algae and Hydroids in shallow water and moving actively about, 
but never coiling iuto spirals. De Man 2 describes Enoplus 
brevis Bast, as being attacked by a plant parasite, probably a 
Bacterium, of a greenish colour, which infested the muscles and 
gave them a peculiar colour. 

Numerous other species have been described by De Man 
from the coast of Holland. It is probable that some of them are 
the free stages of parasitic forms ; a brackish water species found 
in the East Indies ( Dorylaimus palustris ) is regarded by Carter 
as the larva of Filaria medinensis. Oncliolaimus echini Leyd. is 
parasitic in the intestine of the sea-urchin Echinus csculcntus. 
Tricoma cincta 3 has a strongly striated cuticle, which gives it 
almost the appearance of segmentation. Fimbria tenuis has 
numerous hairs on the tail, and the mouth is surrounded by 
bristle- bearing papillae. 

1 BUnng Svenska Ak. Handl. viii. No. 11, 1883. 

3 Anal. Unternich. U. freilcbcnde Nordsce-Nemaiodcn, Leipzig, 1886. 

* Cobb, P. Linn. Soc. N. S. Wales, 2nd sor. viii. 1893, }». 889. 
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Here must be mentioned two families closely allied to the 

true Nematodes. 

(i.) Chaetosomatidae. — This family 
includes three genera : Chaetosoma, 
Khabdogaster, and Tristicochcieta. Ac- 
cording to MetschnikofF, 1 although they 
are not true Nematodes, they have 
a great likeness to the group. He dis- 
tinguishes them from the swimming 
members of the group as “ creeping 
Nematoda.” Chaetosoma, of which 
two species are known, C. ophicephalum 
and C. claparedii, has a head distinct 
from the body (Fig. 79). The mouth 
is at the anterior end, surrounded 
by a double semicircle of movable 
spicules ; the whole body is covered by 

Fig. 79. — Mature female of Chat- fine hairs, and on the ventral surface, 

Metschni., x -j us t in front of the anus, is a double 
57. (From Metschnikoff.) a, ** n j • l 

Oesophagus ; b, intestine ; c, row of about fifteen cylindrical pro- 

anus ; d, ovary ; e, generative igCtioilS by 
pore ; f, ventral bristles. " ’ J 

whose agency 

the animal creeps. The female C. 
claparedii is 15 nun. long, the male 
11 4 mm. They were found creeping 
about on sea-iveeds in the neighbour- 
hood of Salerno. 

The genus Tristicochaeta 2 differs 
from the foregoing in having three rows 
of locomotor projections instead of two. 

Jihabdogastcr has no head distinct 
from the body, though the anterior 
part of the body is swollen. A 
second swelling occurs, ns is also the ST* 

case with Chaetosoma, in the region m0 st usual positions, showing 

of the opening of the genital ducts. brfaU^x'wo^FiromPaucerL) 
The female in Bh. eggrwides attains a 

length of 0-36 mm. In this genus the hairs are confined to 

1 Zcitschr. wiss. Zool . Bd. xvii. 1867, p. 689. 

3 Panceri, AUi Acc. Napoli , vii. 1878, No. 10. 
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the dorsal middle line. The locomotor projections are hooked, 
and are much finer than those of Chaetosoma, and they are 
situated farther forward than in the Last-named 
genus. Rhabdogaster occurs in the same 
surroundings as Chaetosoma. Ch. ophicephalum 
is recorded from the English ChanneL 

(ii.) Desmoscolecidae. — The members of 
this family are minute, and are characterised 
by the presence of well - marked ridges 
which surround the body and give it 
an appearance of segmentation. The head, 
which is somewhat swollen, bears four bristles, 
and single pairs are borne by a certain num- 
ber of the ridges, some on the dorsal and 
some on the ventral surface. These hairs can 
be moved independently of one another. Two 
red eye-spots are described between the fourth 
and fifth rings. The sexes are distinct, and 
the internal organs generally have a marked 
resemblance to those of the true Nematoda. 

The Desmoscolecidae move by looping their 
bodies after the manner of the Geometrid 
caterpillars, as well as by creeping with their 
bristles. The genus contains numerous species 1 : 

D. minutus Clap. (English Channel), D. nema- 
toides Greef, D. adelphvs Greef, D. chaetogaster 
Greef, D. elongatus Panceri, and D. lanuginosa, Fio. 81. — Female Du- 
Panceri. They are exclusively marine. d™**™ 

lTichoaerma oxycaudatmn Greef 2 is a view, x 260. o^Ovary. 

minute animal, 0*3 mm. long, which has no {From Paucerl,) 

head or ventral spines, but whose body is ringed and covered with 
long hair-like bristles. The male has two spicules, and the internal 
organisation recalls that of other Nematodes ; still its ringed body 
has induced, some authorities to place it near to Desmoscolex. 



a— 





The Life-History of Nematodes. 

Although, considering the enormous number of species of 
emato es and the remarkable diversity of the conditions under 

1 Panceri, Atti Acc. Napoli, vii. 1878, No. 10. * Arch. Naiurg. 85 <L), 1809, p. 112. 
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which they live, their bodily structure shows a very striking 
uniformity, the same is by no means the case with their life- 
history, which exhibits an astounding variety. Von Linstow 1 
has arranged the various modifications, which occur under four- 
teen heads. He includes in his list the Gordian worms, which 
we have placed under a different heading. The following account 
lias been taken from his paper, with a few alterations : — 

1. The embryos develop, with a larval stage and without any 
change of medium, directly into the mature sexual forms. They 
live in fresh, brackish, or salt water, in plants, in the earth or 
in decaying organic matter: examples, Doiylaimus, Enoplus, 
Plectus, Monhystera. 

2. The larvae live in the earth, the sexual forms in plants : 
examples, Tylenchus tritici and T. devastatrix, Heterodera schachtii 
(Figs. 77 and 78). 

3. The larvae live in animals, after whose death and decay 
they are set free and develop into the sexual animals in the earth : 
example, Rhabditis pellio. 

4. The bisexual forms live in the earth, and the fertilised 
females bore into animals (insects), and here produce embryos : 
example, Sphaerularia bombi (Fig. 7 6). 

5. The bisexual forms live in the earth ; the females do not 
develop, but the males make their way into Insects (Beetles), 
and becoming hermaphrodite, develop ova which give rise to the 
bisexual form : example, Bradynema rigiduvi. 

6. The larvae live in the earth, the sexual form in Vertebrates : 

examples, Bochmius, Stronyylus. 

7. The Nematode lives as a hermaphrodite in animals, the 
offspring of this, by an alternation of generations, become sexual 

in the earth : example, Rhabdonema in Frog. 

8. A bisexual free form gives origin to a bisexual parasitic form 
living in an animal : example, Leptodera appendiculata in Snails. 

9. The eggs develop in the earth, and give rise to embryos 
which are transferred whilst still in the egg-cell to the body of 
an animal. The embryos hatch out and form bisexual parasites : 

examples, Oxyuris, Trichocepkalus. 

10. The larvae live in insects, the sexual worms m water or 

in the earth : example, Mermis. 

11. The larva lives encapsuled and is passively transferre 

1 Ztiischr . toiss. Zool . Bd. xlii. 1885, p. 708. 
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ft second animal : examples, Ollulanus, from Mouse to Cat ; Cucul- 
lanus elcgans, from Cyclops to Perch ; Spiroptera obtusa, from 
Meal-worm to Mouse. 

12. The sexual form lives for a short time in the intestine of 
a Vertebrate, and produces larvae which bore through the intes- 
tinal wall and become encapsuled in the tissues : example, 
Trichina spiralis. 

13. The sexual animal lives in the trachea of birds; the ova 
containing embryos are coughed up and are taken into other 
birds with food. They quit the egg-shell and wander into the 
air-sacs, and finally into the trachea : example, Syngamus. 

14. There are two* larval forms; the first lives in water, the 
second in the lungs of Amphibia, whence they wander into the 
intestine and become sexually mature : example, Nematoxys longi- 
cauda in Triton cdpestris. 

Parasitism. 


1. Effect of Parasitism on the Parasite. — The usual effect 
of parasitism on the parasitic organism is that the various organs 
necessary for a free life tend to degenerate, whilst there is a 
multiplication and development of organs of adhesion, by means 
of which the parasite maintains its hold on its host There is 
further an immense increase in the powers of reproduction, which 
may take the form of an increase in the number of fertilised eggs 
produced, or the parasite may at some time of its life reproduce 
asexually, by budding, or fission, or parthenogetically. 

Of the various classes of animals which are more or less para- 
sitic, the Nematcdes show less difference between the free-living 
and parasitic members of the group than obtains in any other 
class. With few exceptions, such as Sphaerularia, Allantonema, 
and one or two others, the parasitic forms have undergone but 
little degeneration. It is true that they have no eyes such as 
the free forms often possess, but in other respects, such as in the 
nervous, muscular, and digestive systems, they do not show any 
mar ed retrogression ; further, the mouth-armature is developed 
m nmny free forms, and is not confined to the parasites. 

^ rou P h 88 developed no methods of asexual reproduction 
by budding or fission, such as are found in Platyhelminthes ; and 
t e cases of an alternation of generations in which a sexual form 

a temates with a parthenogenetic form, are rare, e.g. Hhab- 
vol. ii M 
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donema nigrovenosum, ; and it seems possible that even when 
parthenogenesis has been described, further observation may show 
that the parthenogenetic stage is really a protaudrous hermaphro- 
dite, in which case the alternation of generations in Nematodes, 
i.e. the hermaphrodite alternating with the dioecious form, is a case 
of heterogamy or the alternation of two sexual generations. 

On the other hand, parasitic Nematodes produce enormous 
numbers of eggs. Van Beneden states that 60,000,000 have been 
computed in a single Nematode, and this multiplication of ova is 
absolutely necessary, for the chance of the embryo reaching the 
right host, in which alone it can develop, is always a small one. 

It is a common thing to find that parasites are either herma- 
phrodite or that the male is degenerate, as is the case with many 
of the parasitic Crustacea, but with one or two exceptions the 
Nematoda are bisexual, and although, as a rule, the males are 
smaller than the females, they show no other trace of degeneracy. 

In spite of the fact that the class as a whole shows but few 
special modifications consequent on a parasitic mode of life, it is 
clear that the Nematoda are peculiarly adapted for such a mode of 
life. Their elongated thread-like bodies afford little resistance to 
the passage of the food, which, as it passes through the intestine 
of the host, might tend to carry the parasites out of the body. 
At the same time their shape enables them to pierce and wriggle 
through the various tissues without making any very serious 
lesions such as might prove fatal to their host. Their extra- 
ordinary power of resisting desiccation both in the egg and in 
the adult state vastly increases their chances of ultimately hit- 
ting on the right host. They are capable of living in a state of 
suspended animation for months, and even years when dried 
(vide p. 136), and of resuming their activity on being moistened. 

The great faculty this group shows for living parasitically is 
evinced by the extraordinary variety of life-history presented by the 
different species. There is scarcely a stage which may not be para- 
sitic ; the eggs, the larvae, the adults are all in some cases free, in 
others parasitic, and in many cases first the one and then the othei. 

2. Occurrence and Effect of the Parasite on the Host.— Von 
Linstow states that the only law that can be derived inductively 
from the study of the life-history of Nematodes is that those that 
live in animals never pass through all their stages of development 
in the same organ ; consequently, in considering the distribution of 
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the parasites within the body of their host we have a double habitat 
to consider. Many forms, such as Trichina spiralis, wander from 
the intestine to the muscles ; others, such as Filaria medinensis , 
from the alim entary canal to the lymphatics or blood vessels or sub- 
cutaneous tissues. Others pass from the body-cavity to the intes- 
tine, as the Mermithidae, which infest Insects, or from the stem and 
leaves of a plant to its flower, as in the case of Tylenchus tritici. 

With regard to their occurrence in the different classes of the 
animal kingdom, they have been most frequently observed in 
Vertebrates and in Insects. They are comparatively rare in 
the other large divisions. Many genera are confined to certain 
hosts : thus Ascaris, Filaria, Trichosoma occur only in Vertebrates ; 
Spiroptera (with one exception) in Mammals and Birds ; Cuctd- 
lanus in Fishes and Amphibia ; Strongylus and Fhysaloptera in 
Mammals, Birds, and Reptiles ; Fochmius, Pseudcdius, Tricho- 
cephalus in Mammals ; Fispharagus, Hystrichis, Syngamus in 
Birds ; Fern ataxy s, Hedruris in Amphibia and Reptiles ; Ichthyo- 
nema in iishes; and Isacis and Mermis in Insects. 

Twenty-two species .have been described as parasitic in man, 
of which perhaps the most dangerous are Filaria medincnsis, 
the three varieties of F. sanguinis hominis ; Fochmius ( Ancylo - 
stomum) duodcnalis, and Trichina spiralis. The Ascaridae, as 
Ascaris lumbricoidcs and Oxyuris vermicularis, though painful 
seldom cause death. * 


The enormous number of parasites harboured by one host is 
shown by the fact mentioned in Leuckart's Parasites of Man, that 
bathusius took from a single black stork 24 specimens of 
Filaria labxata. h om the lungs, 16 Syngamus tracheatis from the 
trachea more than 100 Spiroptera alata from the coats of the 
stomach besides several hundred Trematodes belonging to several 
different species (see p. 63). Even this has been surpassed in 
the case of a young horse, in whose body Krause found 500 
Ascaru, megaloeephala, 190 Oxyuris curmda, several millions of 
Stroylus tetracanthus, 214 Sclerostomum ar malum, 287 Filaria 
papillosa, 69 Taenia ptrfoliata, and 6 Cysticereus forms. 

structi ™ Unp T‘ b f Ie , here to enter “*> a full description of the de- 
struction caused to domesticated animals and crops by the presence 

of these parasites ; full details will be found in Loks dealing 
nus, p. 91. Sd.^'ri'eJ 837 ' P ' “ 1 " d V ‘“ B '" ede "' Animal Pam- 
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especially with this question, such as Neumann’s Parasites and 
Parasitic Diseases of Domesticated Animals. A couple of cases will 
*how how important this matter is to the farmer. Crisp estimates 
that Syngamus trachealis causes the death of half a million 
pullets in England every year, and Megnin states that in a single 
pheasantry 1200 victims died daily; again, the loss of one- 
third the crop of beetroot is by no means uncommon when it 
is infested with Heterodera schaclitii. These show the practical 
importance of what at first sight seem quite insignificant animals, 
and the necessity for the minutest observation, for only when we 
are fully acquainted with all the details of the life-history of a 
parasite are we in a position to successfully combat it. 


Sub-Order II. Nematomorpha. 

Until the last few years it has been customary to regard the 

Gordiidae as a family of Nematodes. Although in external 

appearance and life-history they closely resemble the members ot 

this group, yet recent research has shown so many important 

morphological differences between them and the Nematoda, that 

most zoologists are now agreed in 

placing them in a different sub- 

Order, the Nematomorpha, a name 

first suggested by Vejdovsky. 1 

The Gordiidae comprise but 

two genera, Gordius and Necto- 

nema. The latter has but one 

species, AT agile Verr., and is 

marine ; the former, on the other 

hand, is exclusively fresh -water, 

and contains a very large number 

of species. Gordian worms are 

frequently to be found in ditches, 
Fig. 82. — A water plant arouml which , * i 

a female Gordius is twining and lay- ponds, OT large puddles, o 

ing eggs. «, Clump and string of w ith an undulating motion 

through the water, or twining and 

writhing round water-plants ; they are scarcer in running water. 
In shape they are like a piece of thin whip-cord, slightly tapering 

1 F. Vejdovsky, Zeilachr. unss. Zool. lid. xlui. 1886, -p. 369 ; Zeitschr. xoiss. Zool. 
Bd. xlix. 1888, p. 188. 9 Arch, tnikr. Anal. Bd. xxxvii. 1891, p. 239. 
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at each end ; the male, however, is easily distinguished from the 
female by its forked tail (Fig. 89). Not unfrequently a con- 
siderable number are found inextricably tangled together into a 
knot, and the name of the genus refers to this fact. Where 
numbers have suddenly appeared in water hitherto free from them, 
legends have sprung up which attribute their presence to a rain 
of worms; in reality they have come out of the bodies of Insects 
in which they are parasitic for the greater part of their life. 

The genus Gordius passes through three distinct stages, of 
which the first two are larval and parasitic ; the third is sexually 
mature and lives in water. The second larval stage closely 
resembles the adult, but the reproductive organs are not developed. 
The following account of the structure of this larval form and 
of the adult is in the main taken from von Linstow. 1 

The whole body is covered with a well-developed two-layered 
cuticle, which in the adult is marked out into areas, and hears 
numerous minute sensory bristles, which are especially developed 
in the neighbourhood of the cloaca of the male. Beneath this 
is a hypodermis which differs markedly from the sub-cuticle of 
Nematodes, inasmuch as 
it consists of a single 
layer of polygonal nucle- 
ated cells. Within this 
lies a single layer of 
longitudinal muscle-cells, 
which differ from the cor- 
responding layer of Nema- 
todes in having that 
part of their medulla 
which is not surrounded 
by the contractile por- 
tion directed outwards 
towards the hypodermis, 
and not inwards towards 
the body-cavity. 

The body is in the 
younger stages practically solid, the interior being filled with 
clearly defined polygonal cells which are arranged in definite 
rows ; in later life certain splits arise in this tissue which sub- 

1 Arch. mikr. Anal. Bd. xxxiv. 18S9, ji. 248. 



Fio. 88. — Trans verse section through a young male 
Gorditu tolasanus Duj. (From von Linstow.) 
Highly magnified, a, Cuticle ; ft, hypodermis ; 
c, muscular layer ; rf, parenchyma ; e , alimentary 
canal ; /, nervous system ; g % cells of tlio testis. 




serve various functions ; between these splits strands of tissue are 
left which form mesenteries, and some of the cells remain lining 
the muscular layer (Fig. 86). These cells have been described 
by Vejdovsky as a definite somatic, peritoneal epithelium, but 
this was not found by von Linstow. Besides for min g the mesen- 
teries, and acting as packing between the various organs of the 
body, these cells also form the ova and the spermatozoa. 

The splits which have appeared when the animal has reached 
the second larval stage, are two dorsal and a ventral; the latter 
contains the alimentary canal, and may be termed the body-cavity, 
the former will develop the generative organs. The mouth is 
occluded in the older larvae, and in the adults there is a dis- 


tinct but solid oesophagus which passes into a tubular intestine. 
The intestine consists of a single layer of cells surrounding a 
lumen ; it runs straight to the hinder end of the body, where it 
opens in both sexes with the ducts of the reproductive organs. 
The nervous system consists of a well-defined circumoesophngeal 



Fig. 84. — Section through a young female Gordius 
tolosanus. (From von Linstow.) u 9 Cuticle ; b % 
liy|K*lermis ; <% muscular layer ; d , parenchyma ; 
<\ alimentary canal ; /, nervous system ; <j , egg- 
sac ; h , ovary. 


ring with two dorsal 
swellings, and, arising 
from this, a median ven- 
tral cord which runs the 
whole length of the 
l>ody. The cord consists 
of three longitudinal 
strands with ganglionic 
cells below them ; the 
latter, though they lie 
within the muscle layer, 
maintain a connexion 
with the hypodermis. 
Behind, the nerve-cord 
splits in the male, one 
half passing into each 
caudal fork. In the 
adult a pair of Mack 


eyes can l>e detected on the head; the only other sense organs 
are the tactile bristles mentioned above. Excretory organs are 


unknown. 

The generative organs only attain maturity in the adult, which 
is, in fact, exclusively devoted to reproduction. No trace of testes 
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teriorly they end in two short 
oviducts which open into a 


is found in the larva, though the two dorsal splits from the walls 
of which the spermatozoa will arise are present. They are lined by 
a definite epithelium (Fig. 83), and this serves at once to distin- 
guish them from the body-cavity. Posteriorly the splits narrow 
and become the two vasa deferentia which open one on each side 
into the cloaca. The cells 
lining the lumen give rise to 
secondary cells, and these be- 
come spermatozoa, the process 
extending from behind for- 
wards. The external organs 
— bursa, etc. — described by 
Yejdovsky were not found 
by von Linstow. 

In the female larva two 
similar splits are present ; 
these form the egg-sacs. Pos- _ oc _ .. , , 

. , , , ® . Fig. 85. — Section through a mature female 

Oordius tolo&anus. (From von Linstow.) 
Lettering as iu Fig. 84 ; egg-sac ; h , ovary. 

uterus, in which fertilisation takes place, and in which the secre- 
tion arises which cements the eggs together. In the adult the 
ovaries and a veceptaculum seminis are found, in addition to the 

organs present in the 
larva. The ovaries 

are formed from 

a. modifications of the 

packing tissue ; they 
begin close behind 

the heud, and soon 
attain such dimen- 

sions as to compress 
the egg -sacs and 
body-cavity to small 

Fl0 ‘wh?n"fv.^ tl0n > ■ hro, V gh a , fe ? ale Oordiu * Mosanuj slits. After a time 

when the deposition of ova is almost complete. «, b, ,, , . 

e, anil / as iu Fig. 84; g, egg-sne ; h, ovary “le Wall between the 

“““ “'“‘‘“■s 'w’i i, ovary and the egg- 

sacs becomes ab- 
sorbed, and the eggs grow into the latter. In the old females, 

- ere ^ e e oo ai '6 empty, there is a considerable space round 
the exhausted ovary, into which eggs continue to fall off ; there 


c - 
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is also a median dorsal canal which contains a few eggs. By 
this time the wall between the ovary and the egg-sac has again 
appeared. 

One of the most interesting points about the female is that, 
according to Vejdovsky, the ovary is segmented, the cells which 
form the ova being heaped up in segmentally-arranged masses. 
This observation, if correct, is almost the only instance of seg- 
mentation recorded in the group Nemathelminthes. 

The only other genus which is associated with Gordius in 
the group Nematomorpha is Nectonemn, of which there is as yet 



Fig. 87. — Xectonema agile 
Verrill. A, The adult. 
Magnified. (After 
Fewkes.) B, Longitudinal 
section through the heath 
x about 20. (From 
Burger.) a. Mouth ; 6, 
circu in oesophageal com- 
missure (dorsal) ; c, cell 
of salivary gland ; rf, 
septum cutting off head 
from rest of lxxly ; e, 
testis ; /, ventral coni ; 
g t oesophageal cells ; h, 
lumen of oesophagus ; t. 
cerebral ganglion (ven- 
tral). 


but one species known, Nectonema agile Verr. 1 Our knowledge of 
the anatomy of this worm is due mainly to Burger 2 and Ward.' 
Nectonema is a marine worm found swimming near the surface of 
the sea with rapid undulatory motion. The males are from 50 
to 200 mm. long, the females from 30 to GO mm. The body is 
faintly ringed, and bears two rows of fine bristles on each side. 
Owing to a curious torsion of the body through a right angle, 
the lateral bristles of the anterior third seem to be placed in the 
ventral and dorsal middle line. They are very easily broken off. 
The body is divided into a small anterior and a large postenoi 


> A. E. Verrill, P. V. S. Mu s. vol. ii. 1879, p. 165. 

2 O. Burger, Zool. Jahrh . Anaf. Bd. iv. 1891, p. 631. 

3 H. B. Ward, Bull. Mus. Harvard , vol. xxiif. 1892-93, p. 135. 
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chamber by a transverse septum placed a little way behind the 
head. The anterior chamber contains the brain and is lined by 
a definite epithelium, the posterior is not. The layers of the skin 
correspond with those of Nematodes or of Gordius, but the hypo- 
dermal cells show no cell outlines : still they are not so modified as 
in the former group. The hypodermis is thickened in the median 
dorsal and ventral line, and the single nerve-cord lies in the latter. 

The alimentary canal is degenerate, as in Gordius. A mouth 
exists, but it is minute, and opens into a very fine tube lined 
with chitin, which pierces through the substance of a single 
elongated celL This minute oesophagus, with its coextensive cell, 
reaches back to the transverse partition, but behind this a few 
other cells become associated with it, and ultimately the lumen 
of the alimentary canal is surrounded by four cells; but the 
number diminishes behind, and soon only two cells surround the 
tube at any one level, and the intestine dwindles away some little 
distance in front of the tail. There is no sign of an auus. A 
circumoesopliageal nerve-ring exists, of which the ventral part is 
by far the larger (tig. 87 ); it gives off a ventral nerve-cord, 
which swells posteriorly in the male into a large anal ganglion, far 
bigger than the brain, and larger in the male than in the female. 

The testes consist of a dorsally placed sac, continuous behind 
with a vas deferens ; this opens at the posterior end, which is 
pointed and slightly curved ventrally. The ovary is unknown ; 
but females have been found with their body-cavity crammed 

with ova ; these escape, like the spermatozoa, from a genital pore 
at the posterior end of the body. 

Glassification. The separation of the Nematomorpha from the 
Nematoda depends mainly on the character of the nervous system 
the absence of the lateral lines and of the dorsal line, the character 
of the contents of the body-cavity, and the character of the reproduc- 
ne organs. n Gordiidae the latter are always placed dorsal to 
le intestine and ovaries and testes open alike at the hinder end of 
the body. The importance of the differences in the organs just 
numerated has been considered sufficient to justify the removal of 
le Gordiidae from the Nematoda, and the establishment of the 
special sub-Order Nematomorpha for their reception ; ami although 
Jiectonema has a dorsal line, and is in some other respects 
itei mediate between the two groups, there can be little doubt 
1 is more closely allied to Gordins than to anv member 
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of the Nematoda, and it must therefore be placed with it in the 
Nematomorpha. 

On the other hand, it ought to be mentioned that Camerano 1 
found that the chief details of the fertilisation and development 
of the egg in Gordius closely conform with what is known of the 
same processes in Nematodes, and he is of opinion that these 
resemblances are sufficiently important to justify the retention of 
the group among the Nematoda. 

Life -History. — The life -history of Gordius comprises four 
stages — the early development of the egg, the first larval form, 
the second larval form, and the sexually mature form. Both 
larval forms are parasitic, and during their life they are actively 
engaged in feeding ; the free form, on the other hand, takes in no 
nourishment, and is exclusively engaged in reproduction. 

Von Linstow 2 gives the following account of the life-history 

of G. tolosanus, a form which has been more 
fully worked out than any other. In the 
month of April numerous specimens of the 
beetle Pterostichus nigcr were found float- 
ing on the surface of the ditches and 
small ponds in the fields surrounding 
Gottingen. Some were found dead or dying ; 
others appeared quite healthy, and these 
were swimming actively, endeavouring to 
reach land. Within the abdomen of these 
beetles, in about 20 per cent of those 
collected, the second larval form of the G. 
tolosanus was found. The longest larvae 
Fig. 88. — Abdomen of Pttro- were 122 mm. in length, and very soft, 
££ t partly snow-white and partly brown in 
the Gordius larva withiu. colour ; traces of the boring apparatus oi 
?££*& zZZT"' first larval form were still to be seen, 

but in other respects the larva only 
differed from the free form in the immaturity of its sexual organs. 
Besides the parasite hardly anything was to be found in the 
abdomen of the beetle, the larva having eaten up all trace of the 
fat body and the generative organs of its host. The larvae bored 
their way out of the body of the beetle and became adult animals. 

It is rather difficult to say what brings these essentially 

1 Man. Acc. Torino, 2nd ser. vol. xl. 1390, j». 1. 5 Centrlb. Bakler. Bd. ix. 1891, J». 760. 
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terrestrial beetles to the water, but von Linstow suggests that, as 
they live partly on snails, and at this time of year there are not 
many land-snails about, they may be in search of water-snails 
such as Limnaea. They may also be sometimes blown into the 
water by wind storms, but, whatever the cause is, their pres- 
ence in water is essential for the continuance of the life of their 
parasites. 


Once free in the water the Gordius is soon sexually mature ; 
the fertilisation takes place in April, and 
then the female may be seen twisting and 
writhing round the stems of water-plants 
and laying the long bead-like strands of 
egg8 (Fig. 82). The first deposition ob- 
served by von Linstow took place on 14th 
April, the Last on 2nd August, and the 
period of egg-laying for each female ex- 
tended over four weeks. At first the eggs 

snow-white, but within twenty-four 
« 1 & 


are 



Fio 


89. — The tail ends 
of a female Oordiiu 
(a) and a male (5) in 
cttpuia. x 1-5. (From 
G. Meissner. 1 ) 


hours tliey turn brown in colour. 

The development of the first larva within 
the egg takes about a month. When it 
emerges from the egg-shell it is minute, -065 
mm. long, ringed anteriorly, and provided with a protrusible and 
retractile boring apparatus consisting of three chitinous rods • 
round the base of this piercing proboscis is a double crown of 
papillae, each bearing a spine (Fig. 90). 

I” 4 f ° mi breaks throu S h th e egg-shell and sinks 
to the bottom of the water, where it moves about sluggishly and 

ZT Th “T? ■ ri « ht »° st ^ which to take up its 

(ril vol v n AV? n W ° f the AldCT - fl >’- Sialis fa*"** L in. 

the mui ' P ' M \ lnt ° thiS il bores aud ‘o in 

5? :rir“ 

beetle during tb P uJ alx | ve ' It; remains m the body of the 

nd winter, and finally returns to the water 

1 ZcUtchr. ton. Zooi. Bd. vii. 1856, P . j. 
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Fic. 90. — Embryo or first larval 


as the adult some eighteen or twenty months after it has been 
hatched from the egg. 

OO 

From the above account of the life-history of Gordius it will 
be seen that the chances of an egg reaching maturity are com- 
paratively small, and to compensate 
for this a very large number of eggs 
are laid. In addition to the risk of 
the larvae not finding the right host 
at the right time, and of the first host 
not being eaten by the second, and 
the second not being drowned, there 
is the danger that the ditches and 
ponds in which the adults live may 
dry up, and, in fact, great numbers 

form of'oordiua tolosanus taken of worms perish by this taking place. 

from the egg. Highly raagni- T h e sex of the adults may 1* told 
neil. a and b , The bnstle-bear- . i i • c 

ing papillae on the head ; <•, from their colour, the males being oi a 

the boring apparatus. (From blackish brown, the females of a light 

clay brown; the former average 120 
mm. in length, the latter 170 mm. The males are also more 
numerous, the proportion being seven to three. Camerano 1 has 
drawn attention to the fact that there is a certain polymorphism 
in size, form, and colour which is especially common amongst the 
males ; dwarf forms with mature reproductive organs exist, and 
he is of opinion that these differences depend both on the size of 
the second host and on the duration of the parasitic life. 

In addition to the larva of Sialis lutaria, the first larval stage 
has also been found in the larva of Ephemera, Tanypus, Corethra, 
and Chironomus ; the second in Carabus hoi'tensis Fabr., Procerus 
( Cardbus ) coriaceus Linn., Calathus fuscipes Goeze., Molops elatus 
Fabr., several species of Ptcrosticlius, and a number of other 
beetles. It is probable that its normal hosts are S. lutaria and 
Pt. niyer, but it is clear that it often comes to rest in other 
insects. The view that the Gordiidae have no special hosts, but 
may either pass the whole of their life-history within one and 
the same animal, or, on the other hand, may inhabit animals 
belonging to very different groups, is held by Villot, who has 
paid great attention to the subject. He finds the first lanal 
form encysted in the walls of the alimentary canal in fishes, such 

» Zool. Anz. vol. x. 188", p. 602. 
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ns Zeuciscus 2 >hoxinus, the minnow, Cobitis barbatula, the loach, 

unci Pctromyzon plancri, the lamprey ; in the larvae of Diptera, 

Ephemera, and beetles, in Planorbis (a 

water snail), in Enchytracus (an Oligo- 

chaet) ; the second larval form in all 

kinds of insects, spiders, Crustacea, 

fish, frogs, birds (Otis), and in man, 

and these various habitats lead him 

to the conclusion that “ Les Gordiens 

n’ont pos d’hotes speciaux.” On the 

other hand, as von Linstow points out, 

it is contrary to our knowledge of 

parasites that a single species should 

develop equally well in the lx>dy of 

warm and cold-blooded Vertebrates and 

of Insects, and the explanation of the 

presence of the larvae in these various P‘°- — Tareal joint of an 

» . , , , Epnenierid larva into which 

tonus lUfty Gltnor DC thftt tlicy UC“ two Gordius larvae (a, a) have 

long to different species of Gordius or, penetrated. Magnified. (From 
more probably, that they are acci- 
dentally present, having passed into their hosts with drinking 
water. 

The number of species of Gordius is large; over 100 are 
enumerated in the Compendium der Helminthologie} the great 
majority of which inhabit insects. 

The life-history of Nectonema is practically unknown ; the 
adults have been found swimming near the surface of the sea at 
two places only : Newport, R.I., and Wood's Holl, Mass., on the 
south coast of New England. It has been fished close to the 
shore, from the end of June to the beginning of October, when 
the tide is going out at evening and there is no moon. This 
seems to indicate that it avoids the light. When first caught 
the worms move actively about, coiling themselves into figures of 
eight and then uncoiling ; at the same time there is a rhythmical 
movement caused by waves of muscular contraction passing down 
each side of the body alternately; by this kind of motion they 
make rapid and definite progress through the water. 

It seems probable that the adult Kectoncma is preceded by one 
or more larval stages, and what appears to be a young form has 

1 You Linstow, Hiumover, 1378. and Nnchtrag, 1889. 
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been obtained from the thoracic cavity of a prawn, Palaemonetes, 1 
which has thus some claim to be regarded as the host of this 
species, but nothing is known about its early life-history. 


Sub-Order in. Acanthocephala. 

The Acanthocephala, which form the third class of the Nema- 
thelminthes, consists of but few genera ; there are, however, 
numerous species of very different size, varying from 10 to 65 
cm. long in the female Gigantorhynchus ( Echinorhynchus ) gigas, 
to quite minute forms a few millimetres in length. The adult 
stage occurs in the alimentary canal of Vertebrates, as a rule 
in those which live in, or frequent water ; the larvae are found 
in the bodies of certain Invertebrates, very frequently small 
Crustacea. 

Anatomy. — The body of the mature forms can usually be divided 

into three sections — the proboscis, the neck, 

and the trunk, but the middle region is not 

always discernible. The proboscis is armed 

with rings of hooks (Fig. 93) arranged in 

longitudinal rows ; they are usually of two 

kinds, but in E. proteus of three. They have 

a certain specific value, but not much stress 

can be laid on the number of rings, e.g. in 

E. angustatus the number varies from eight 

FlG - , 9 ~ T T T T scimen9 to twenty-four. The recurved hooks serve to 
of Echinorhynchus pro - J 

tens Westmmb., with fasten the parasite very firmly to the tissues 

sairrirSn^ ° f the h ° st - The p roboscis 18 hoUow a " d 

the intestine of a Pike, retractile ; it can be withdrawn into the 
(Froi^Homatin.) & body by means of muscles attached inter- 

nally to its tip. It does not, however, pass 
straight into the body-cavity, but is retracted into a special 
cavity — the proboscis sheath — with a double muscular wall. 
The proboscis sheath may perhaps be looked upon as a septum, 
such as is found in some of the Nematomorpha, dividing the 
body-cavity into two parts. It is inserted into the body-wall 
at the junction of the neck and trunk or of the proboscis and 
trunk. In addition to the muscles which withdraw the pro- 
boscis into its sheath, there are two retractors running from the 
1 H. B. Ward, 1 \ Atiicr. Ac. new ser. vol. xix‘. 1892, p. 260. 
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outside of the sheath to the body- wall ; these serve to retract the 
whole sheath and its contents into the body-cavity of the trunk. 

The structure of the skin is essentially like that of Nematodes, 
but the details are much more complicated. The whole body is 
covered by a thiu 
cuticle secreted by 

the epidermis, which, g \| 

as in the other ^ 1 $^ 

groups, breaks down /S 

and forms a syncyt- g 

ium called the sub- 

cuticle. The minute 

fibrils which peue- *aL 

trate this layer are 

much more definitely ^ ^ 

arranged than in 0r 

Nematodes; the 

largest of them run ir 

from without in- Fic. 93. — A, Five specimens of Eehinorhyndius acus R\\&. 

wards others mm attached *> a piece of intestinal wall, x 4 ; B, the 
, otners rtm proboscis of one still more highly magnified. 

concentrically round 

the body. Large oval or spherical nuclei are scattered in the 
sub-cuticle, which is further honeycombed by a number of lacunae 
or spaces which are described below. 

Within the sub-cuticular layer is found a sheath of circularlv- 
arranged muscle-fibres, and within this again a sheath of longi- 
tudinal muscles which do not extend into the proboscis; this 
niner layer lines the body-cavity, there being no epithelium 

withm it In their minute structure the muscle-cells resemble 
those of Nematodes, 

The canals in the sub-cuticle form a very curious system of 
anastomosing spaces, in which a clear ffuid containing fat globules 
circulates. The extent to which the system is developed varies 
m diBerent species, hut in all them ,s a pair of longitudinal 
canals which are situated laterally, and which give off the sub 

£ ^ ll “ “ thdr Th * »»ove description applies 

to the lacunar spaces m the skin of the trunk ; those of the mo 

t] T e i8 n ° ^^i^ion between 

are formed is not ’ 7 faCt ’ the sub ' cutlcle iu which the lacunae 
are tunned is not continuous across the line of junction of the 
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proboscis and the neck, or, when the latter is absent, of the pro- 
boscis and the trunk, but it is interrupted by the ingrowth of a 
thin ring of cuticle which reaches down to the muscular layers 
(Fig. 94). All the spaces in the skin of the proboscis open ulti- 
mately into a circular canal situated round its base ; on each side 
the canal opens into a sac-like structure which extends through 
the body-cavity towards the posterior end of the animal. These 
two lateral diverticula are termed the lemnisci. They have 



Fig. 94. — A longitudinal 
section through the an- 
terior end of Echinorhyn- 
chus haeruca Rud. (From 
Hamann.) a. The probos- 
cis not fully expanded ; 
1, proboscis - sheath ; c 9 
retractor muscles of the 
proboscis ; d 9 cerebral 
ganglion ; e, retinaculum 
enclosing a nerve ; /, one 
of the retractors of the 
sheath ; g 9 a lemniscus ; 
hy one of the spaces in 
the sub-cuticular tissue ; 
t, longitudinal muscular 
layer ; j 9 circular mus- 
cular layer ; k 9 line of 
division between the sub- 
cuticular tissue of the 
truuk ami that of the pro- 
boscis with the lemnisci. 


always attracted considerable attention Irom the workers at the 
group, and numerous functions have from time to time been 
attributed to them. They are more or less hollow, and their 
walls consist of sub-cuticular tissue surrounded with a scanty 
muscular coat ; they contain the same fluid as the lacunae of the 
skin of the proboscis, with which they are placed in communi- 
cation by means of the circular canal ; and it seems most pro 
able that, as Hamann 1 suggests, they act as reservoirs into 
which the lacunar fluid retires when the proboscis is retracted, 

1 Jen. Zcitschr. B<1. xxv. 1891, p. 113. 
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and which, by means of the contractions of their muscular coat, 
force the fluid into the lacunae when the proboscis is everted, 
and thus aid in its protrusion. 

The parasitic habits of Echinorliynchus have had a deeper 
influence on the structure of the body than is the case with the 
Xematoda. All traces of an alimentary canal have disappeared, 
and the animals live entirely by the imbibition through the skin 
of the already elaborated fluids of their hosts. The power of 
absorbing fluids is shown by the fact that they swell up and 
become tense when placed in fresh water. 

Until recently no definite excretory orga ns had been recognised, 
and t he fu nction of .excretin g the nitrogenous m atter^ was by 
so me assigned to the lemniscL ~ ' ^ 

In 1893 Kaiser 1 described ^ ^ 

in , G. r/iqas two organs MwWmjsh 

which he called nephridia, Jp'IMm f 

placed dorsally to the ducts \ O l|||J f§ 

of the male and female | V U MmIm fj 

reproductive organs. ' Each 1 >1 jlf d 

nephridium, which somewhat J / |||]i! ; I •] 

resembles a cauliflower, con- m d 

sists of a stalk or duct, B i % 

the reproductive ducts, and «J*=£l£ S£ 

at the other branching SSStXgi^ 

and breaking up into a miaal twig more highly magnified ; b, the 
number nf c :t v>r,,wl„v^ l>orou3 membrane. 


the reproductive ducts, and 
at the other branching 

and breaking up into a miaal twig more highly magnified ; b, the 

number of secondary and 1,orou3 membrane. 

tertiary_^wigs. The end of each twig is closed by a mem- 
brane pierced with a number of most minute pores by 
means of whic h it communicates with the bodv-cavi tv • ou 

th , e . ln “ er 8lde the membrane bears a number of long cilia 
which keep up an acti ve flickering. The presence of these cilia 

Lt5:. ei^hi^EiTHrc unknown throughout^ 

. DerYOUS s yjgaL£aasist^ ofa_central ganglion situated in 
the prohoscs sheath ; it TToval^d flatT^cd in shape. The 

which°oifr VeS fi “T* t0 tr “ e P fobosciB - “» d two main^ trunks 
l.v „ n . th ! Pt^oscls-slieath nud run backward surrounded 
c us er o muscle-fibres, the whole being termed the 

1 Dibl. Zool. Bd. ii. Heft 7. 1803. 
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retinaculum, ; in the male they are in connexion with a special 
genital ganglion which lies near the ductus ejaculatorius. 



With the exception of certain 
sensory papillae in the neighbour- 
hood of the male genital orifice, and 
of three similar papillae mentioned 
by Kaiser on the proboscis, the 
Acanthocephala are devoid of sense 
organs. _ 

The Acanthocephala are d io ecious ; 
their generative organs are developed 
in connexion with the ligament, 
a cord-like structure which arises 
between the inner and outer layer 
of the hinder end of the proboscis 
sheath and traverses the body-cavity, 
ending posteriorly in connexion with 
the genital ducts. The testes lie 
in this ligament ; they are paired 
oval bodies which open each into a 
vas deferens. The vasa deferentia 
each bear three lateral diverticula, 
the vesi culae seminale s ; and three 
pairs of cement glands pour their 
secretion into a duct which opens 
into the vasa deferentia ; the latter 
unite and open by a penis which 
is withdrawn into a genital bursa, 




Fio. 96.— An optical section through g ut ig ^.^ble G f being extruded, 
a malo iScarhynchus clavucceps 1 • r l • 

Zed. (From Hamann.) «, Proi>o- The two ovaries are iormeu in 

acis ; b proboscis sheath ; c, retrac- t , ij,, ame nt of the female in a cor- 
tor of the proboscis ; <l 9 cerebral * o . . 

ganglion ; /, /, retractors of the responding position to tlHlt OCCUplCU 

l>y the testes in the male, but at »» 

space in Mib-cuticular layer of early stage they break down into 
the «kiu; f, ligament ; «, u Q c ce l ls 0 f w hieh those of 

p t giant nucleus in skin ; 17, open- i\ le peripheral layer develop into ova 
in* Of vas deferens. afc ^ cogfc of ^ cells> which 

serve them as a food supply. As these masses grow and 
increase in number they rupture the walls of the ligament, an 
escape into the body-cavity, in which they float The ova are 
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fertilised whilst floating in the fluid of the body-cavity. The 
eggs segment and the embryo is formed 
whilst still in the body of the mother. 

The embryos escape by means of a 
complicated apparatus the details of 
which vary in the different species, but 
which, like many of the organs in these 
animals, consists of very few cells with 
very large nuclei. This apparatus con- 
sists of three parts: the bell, the uterus, 
and the oviduct. The bell is a large 
funnel-shaped structure, which opens 
into the body-cavity, and is connected 
with the end of the ligament ; near its 
lower end, where it is continuous with 
the uterus, is a second smaller opening 
situated dorsally. By the contraction 
and expansion of its lips the oval embryos 
are swallowed and pass on through the 
uterus to the oviduct, which opens at the 
posterior end of the body. If the bell 
takes in any of the less mature eggs 
which are spherical in shape, they are 
passed back into the body -cavity through 
the above-mentioned dorsal opening, and 
the same orifice permits the passage of 
the spermatozoa even when the bell is 
full of embryos. 

Embryology. — After fertilisation the 
egg surrounds itself with several egg- 
shells, three of which are usually dis- 
tinguished; the embryo is already far 
ndvimml in its development by the 
time it leaves the body of the mother 
and passes out into the alimentary canal 
of the Vertebrate host. It leaves the 
body of this second host with the faeces, 
and is eaten by the first or larval host’, 
usually a small Crustacean or water-insect, but in some cases a 
hsh, within whose alimentary canal it casts its membranes and 




rounded by three egg-shells. 
Highly magnified. The 
egg has segmented, and the 
cells are differentiated into 
a, the entoblast, nud tu the 
ectohlast ; <•, spiues. (From 
Humnun.) 
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becomes actively mobile. By means of a ring of hooks developed 
round the anterior end it bores its way through the wall of the 
alimentary canal, and after some time — three weeks in R. pruteus 
— comes to rest in the body-cavity of its host. By this time 
most of the organs of the adult, with the exception of the repro- 
ductive glands, are already well established ; the latter only attain 
maturity when the first host is eaten by the second, and the 
larvae find themselves in the intestine of a Vertebrate. 



Fig. 98. — A, A larval 
Ech inorhynch us jrruteus 
Westrumb. further de- 
veloped thau iu Fig. 97. 
Highly magnified. The 
entoblast has developed 
inside it the proboscis a ; 
b 9 b 9 the giant nuclei of 
the ectoblast. B, The 
entoblast at a more ad- 
vanced stage, the ecto- 
blast is not shown. The 
outermost layer of cells 
will form the muscles 
of the body -wall ; the 
body - cavity has ap- 
peared ; a 9 proboscis ; 
b 9 cerebral ganglion ; c, 
body-cavity ; d 9 d 9 the 
testes beginning to ap- 
pear in the ligament ; 
e, cells which will form 
the generative ducts. 


Some of the details of the development are very remarkable, 
and a short account of them may be given. The segmentation 
of the egg is unequal ; it results in the formation of a central 
biscuit-shaped mass of small cells and a peripheral mass of larger 
cells; the former is allied by Hamann 1 the entoblast, the latter 
the ectoblast. From the entoblast arise all the organs of the 
body but the sub-cuticle and the associated lemnisci, which are 
formed from the ectoblast. The latter has a remarkable history ; 
the cells begin to break down and lose their outlines, whilst their 
nuclei fuse together and form a small number of giant nuclei, 
which lie scattered throughout the syncytium thus formed. The 
syncytium surrounds the entoblast on all sides; by this time 
the anteriorly-placed hooks have appeared ; in R. protcus there 

1 Jen. ZcitscJ.r. 15d. xxv. 1891, p. 113. 
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the proboscis retracted and the whole still 
enclosed in a capsule. B, A section through 
the same ; a, the iuvagiunted proboscis ; b, 
prol>oscis sheath ; c, beginning of the neck ; 
d % lemniscus. Highly znaguitied. (Both from 
Haiuaun.) 


are ten of these, but the number is not the same in all species. 
The syncytium is in a fluid state, with a few gigantic nuclei 
floating in it; these now lose their spherical shape, and throwing 
out processes become amoe- 
boid ; in this way they bud 
off small portions of their 
substance, and from these 
the oval nuclei of the sub- 
cuticle and the lemnisci 
arise. The rest of the syn- 
cytium hardens into the A 

fibrillar matrix of the 

mill-cuticle leaving how- Fio. 99.— A, The larva of Eehinorhynchus proUus 

SUO CUUCte, ie<n in o , now froni the body-cavity of Phoxiit us /(ten's, with 

ever, scattered spaces which 
form the sub - cutieular 
sinuses of the adult. An 
interesting feature of A'. 
clavaeccjis and Arliyncltm 
hemignathi is that the skin of the adult retains the larval 
features, and it and the lemnisci consist of a syncytiiun with a 
very few giant nuclei scattered through it. Haiuaun counted 
only eight in the skin and two in each lemniscus in the example 
figured on p. 178. 

The whole of the rest of the body is formed by the entoblast. 
Within the latter a circular split arises which separates a single 
layer of outermost cells from an axial strand of many cells (Fig. 
98, B). The split is the future body-cavity; the axial strand 
forms the proboscis, its sheath, the cerebral ganglion, muscles, etc., 
and the ligament with the contained generative organs ; the 
outermost layer of cells forms the muscular lining to the skin. 
It is interesting to note that these cells destined to become 
muscle-fibres are at first arranged as a single layer of cubical 
epithelial cells lining the body-cavity; most of them become 
circular muscle-fibres, but a few are pushed inwards so as to 

lie next the body-cavity, and these becomo the longitudinal 
fibres. 


Classification. — Until recently the Acanthocephala were 
supposed to include but one genus, Echinorhynch us, with several 
hundred species, but Hamann 1 has pointed out that these species 

1 Zoo/. Anz. Bd. xv. 1892, {>. 195. 
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present differences which enabled him to divide the group into 
three families, eacli with a corresponding genus To these I 
have ventured to add a fourth family, to include a remarkable 
species, Arhynchus hemignathi, described below. The char- 
acters of the first three families in the account given below are 
taken from Hamann’s paper. 

Family I. Echinorhynchidae. — The body is elongated and 
smooth. The proboscis-sheath has a double wall, and the pro- 
boscis is invaginated into it. The 
central nerve -ganglion lies in the 
middle line, as a rule on the pos- 
terior blind end of the proboscis- 
sheath. The papillae which bear the 
hooks are only covered with a chitin- 
ous cap at their apex, and the hooks 
have a process below. This family 
is by far the largest ; a few species 
only can be mentioned. Echinorhyn- 
chus proteus lives in its mature form 
in fishes ; the young forms, up to a 
centimetre in length, are found living 
freely in the intestine of numerous 
fresh-water fishes. Those found in 
Gobio jluviatilis, the gudgeon ; Lcu- 
ciscus virgo; Lota vulgaris, the burbot 
or eel-pout ; young trout ; Thymallv.s 

Fig. 100.-F«u7 fonnea larv. of the grayling, seldom surpass 

Kchinorhynchus proteus from this size, blit those fouilll 111 jlcCl^lTUl 

«*• P°r e fish : in 

magnified. Proboscis ; b 9 bipunctdtuS / ill EsOX luciuS , the pike, 

? , l"i. : u£i neck 5 * truak : * and in older trout, attain or surpass 

double the length. As the parasites 
grow older they bury their proboscis and neck in the wall of the 
intestine, the inner surface of which is studded with the orange- 
coloured bodies of the parasites. The proboscis is so deeply 
sunk in the wall of the alimentary canal as to form a papilla 
on its outer surface (Fig. 92). The larvae of E. proteus are 
found in the body-cavity of Gammarus pulex, one of the Ampin- 
pod Crustacea, and also in the same position in numerous fresh- 
water fishes ; they must have passed into this first host by t ie 
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mouth and alimentary canal. If the liver of an infested minnow, 
Leuciscus phoxinus, be examined, it will be found to contain on 
its surface numerous spherical or egg-shaped capsules of an orange 
colour, 2 to 25 mm. in length; these contain the larval forms of the 
parasite. They develop into the adult form when the first host 
is eaten by a carnivorous fish, but a complication may take place 
when the larval form is found in Gammarus, as the latter, the first 
host, may be eaten by a fish (intermediate host) in which the 
larva does not become mature, and only develops sexual organs 
when eaten by a carnivorous fish (second host). The larval form 
is also found in Nemachilus barbatulus, Gobio jluviatilis, and the 
sticklebacks Gasterosteus aculeatus and G. pungitius. 

E. clavula Duj. is found in Salmo fario, Abramis brama, 
Cyprinus caipio, Gobius niger, Lepadogaster gouanii, etc. ; E. 
linstowi Ham. in Leuciscus idus, Abramis ballerus, Abramis 
bipmnctatus, and Acipenser huso ; E. lutzii Ham. was found by 
Dr. Lutz in Brazil in the intestine of Bufo agua ; E. angustatus 
Bud occurs in such numbers in the perch, Perea Jluviatilis, 
as to almost occlude the lumen of the intestine, and one out of 
every three or four fish in certain districts is infested by it. It 
is also found in the pike, Esox lucius, and the barbel, Barbus 
vulgaris. The first or larval host of this species is the Isopod 
Asellus aquaticus. E. moniliformis Brews, is stated to attain 
maturity in the human intestine. Except for the fact that G. 
gigas has once been observed in the same place, this is the only 
human parasite amongst the Acanthocephala. Its normal second 
hosts are Mus decumanus and Myoxus qucrcinus, and its first or 
larval host, the larvae of the beetle * Blaps mucronata. E. 
porrxgens Bud is found in considerable numbers in the small 
intestine of a fin-whale ( Balaenoptera sibbaldii), and E. strumosus 
Bud, in the small intestine of a seal ( Phoca vitulind), and in 
the body-cavity of the angler fish ( Lophius piscatorius ). E. acus 
is common in the whiting, Gadits merlangus. 

Family IL Gigant orhynchidae. — Large forms with ringed, 
flattened, and Taenia- like bodies. The hook-papillae are covered 
all over with transparent chitinous sheaths with two root-like 
processes. The proboscis -sheath is muscular and without a 
umen. The central nervous system is exceutrically placed below 
the middle of the so-called sheath. The lemnisci are long twisted 
tubes with a central canal. 
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Hamann places three species in this family: Gigantorhynchus 
echino discus, G. spira, and G. taenioides ; but as he points out 
that U. gigas resembles these in its more important structural 
features, it seems advisable to include it here under the name 
G. gigas. The members of the first family often present a trans- 
versely ringed appearance after death, but the Gigantorhynchidae 
are ringed when alive, and the circular canals in the skin show 
a certain regularity, being arranged one between each two rings. 
There is no lumen in the proboscis-sheath, which is not attached 
to the boundary between the proboscis and the trunk, but to the 
inner surface of the proboscis, and the whole can be retracted 
within the anterior portion of the body, which is invaginable. 
There are always eight cement-glands, and other differences exist 
in the musculature, hooks, and position of the nervous system. 

G. gigas occurs in the adult state in the small intestine 
of swine ; in Europe its first or larval host is believed to be the 
grubs of Mclolontha vulgaris and Cetonia aurata, but these beetles 
are absent from America, though the parasite infests American 
hogs. Stiles 1 has recently made some experiments which tend 
to show that in the United States the source of infection is some 
species of the beetle Lachnosterna, and he has succeeded in in- 
fecting the grub of L. arcuata by feeding it on the eggs of the 
parasite; from one larva he took 300 parasites six weeks after 
feeding it. L. arcuata is, like M. vulgaris, phytophagous, but 
the grubs of both the beetles are fond of frequenting manure 
heaps and patches of dung, and thus are much exposed to the 
dangers of infection. 

G. echinodiscus inhabits the intestine of ant-eaters, having 
been found in Myrmeeophaga jubata and Cycloturus didactylus. 
G. spira lives in the king vulture Sarcorhampus papa, and G. 
taenioides in Dicholophus cristatus, a species of Curiama. 

Family III. Neorhynchidae. — Sexual maturity is reached in 
the larval stage. The proboscis-sheath has a single wall. A 
few giant nuclei only are found in the sub-cuticle ana in the 
lemnisci. The circular muscle layer is very simply developed. 
The longitudinal muscle-cells are only present in certain places. 

This family includes two species, Neorhynchus clavaeceps and 
N. agilis, which afford interesting examples of paedogenesis. 
The sub-cuticle and the lemnisci are dominated by a few giant 

1 Zool. Anz. vol. xv. 1892, p. 52. 
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nuclei, which remain in the embryonic state and do not break 
up into numerous nuclei as in other forms. The musculature is 
but little developed and the longitudinal sheath hardly exists. The 
proboscis-slieath consists of a simple muscular layer, and the short 
proboscis lias few hooks and presents an embryonic appearance. 

The sexually-mature form lives in the carp, Cyprinus carpio ; 
the larval form is found, according to Villot , 1 encysted in the 
fat bodies of the larva of Sialis lutaria, one of the Neuroptera, 
and in the alimentary canal of the leech Nephelis octocula, and 
successful experiments have been made in infecting some species 
of the water snail Limnaea. _A r . agilis occurs in Mugil auratus 
and M. cephalus. 

Family IV. Arhynchidae. — Short forms with the body 
divided into three well-marked regions — head, collar, and trunk. 
The head is pitted, the collar smooth, and the trunk wrinkled, 
not annulated, in spirit specimens. There is no eversible intro- 
vert, and no introvert sheath and no hooks. The sub-cuticle 
and the lem nisei have a few giant nuclei, and the lemuisci are 
long and coiled . 2 


This family resembles the Gigantorhynchidae in the length 
and curvature of its lemnisci, and the Neorhynchidae in the 
persistence of the embryonic condition of the nuclei in the sub- 
cuticle and the lemnisci; but in the shape of the body, its 
division into three well-marked regions, the absence of eversible 
proboscis, proboscis sheath, and hooks it stands alone, though it is 
nearer to the Neorhynchidae than to either of the other families. 

The single species Arhynclius hemignathi was found attached 

to the skin around the anus of a Samlwich Island bird, Hcmi- 

gnathus proceros. The bird is a member of a family Drepani- 

dulae, which is entirely confined to the Sandwich Island group 

Professor Newton tells me that it is probable that the « food of 

Hemignathus consists entirely of insects which it finds in or 

under the bark of trees,” hence it is probable that the second 

host of this parasite, if such exists, must be looked for amongst 
the Insec ta. ® 
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At certain seasons and at certain times of the day the naturalist 
who is investigating the fauna of the surface of the sea is apt to 

find his tow-net crammed with innumerable trans- 
parent spindle-shaped animals, which by their 
number and the way in which they become 
entangled with rarer objects, often render useless 
the result of his labours. These animals belong 
to the class Chaetognatha, which includes three 
genera, Sagilta, Spadella, and Krohnia. Amongst 
them are divided about twenty species, some of 
which, however, are of doubtful value. 

Anatomy. — The body of these animals is as 
transparent as crystal ; it is elongated, and bears 
a resemblance to certain torpedos, except that the 
head forms a somewhat blunt termination to the 
spindle-shaped body. The tail bears a caudal 
^10 fin, and Spadella and Krohnia have a single pair, 
and Sagilta two pairs, of lateral fins ; all of which 

Fro. 1 01 .—Sagitta are flattened horizontally. 

bipuncUUa* a. The body is externally divisible into three 

Sf“ la "t regions— head, trunk, and tail— and these corre- 

(After Hert- S p 0n( j with the arrangement of the internal 

wig.) r 

organs. 

The head is surrounded by a fold of skin, forming a hood, 
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which is most prominent at the sides (Fig. 102, g)\ within 
the hood the head bears from two to four rows of short 
spines, and outside these a right and left row of sickle-shaped 
hooks, the free ends of which in a state of rest converge round 
the mouth, but when disturbed these hooks can be widely- 
divaricated. 

The cavity of the body, or coelom, is divided into three dis 
tinct chambers by the presence of two thin transverse walls or 
septa, one situated between the head and the trunk, the other 
between the trunk and the tail (Figs. 104, 105). In the head, 
this cavity is much reduced by the presence of special muscles 
which move the spines, hooks, etc. ; and in the small species, such 
as Spadella ccphaloptera, the other two cavities are almost entirely 
occupied by the digestive and reproductive organs 1 ; but in the 
large species, e.g. Sagitta hexaptera, a considerable space is left 
between the internal organs and the skin, and this is occupied by 
a coelomic fluid. If the skin of one of these larger species be 
punctured the fluid escapes and the animal shrivels up. A 
longitudinal partition or mesentery, with numerous pores in it, 
runs through these spaces, dividing the body-cavity into a 
right and left half ; in the region of the trunk this mesentery 
supports the alimentary canaL 

In addition to certain muscles in the head, which move the 
hooks, etc., there is a muscular lining to the body-wall. This is 
divided into two dorsal and two ventral bauds, much in the same 
way os in Nematodes. The muscle fibres are striated. 

The mouth, situated either terminally — Spadella marioni 2 

or below the head, leads into a pharynx ; this passes into an intes- 
tine lined by a single layer of ciliated cells with a few glandular 
ones intermingled. The intestine runs straight through the 
body without loop or coil, and opens by an anus situated at the 
junction of the trunk and the tail. In most cases the anus is 

ventral or on the lower surface, but Gourret asserts that in Spadella 
marioni it is on the upper surface. 

There are no special respiratory, excretory, or circulatory 
organs unless a glandular structure described by Gourret in the 
head of Spadella marioni be a real kidnev. 

The nervous system consists of a sup'ra-oesoplmgenl ganglion 

1 °- Hertwig, Jen. Zritschr. Bd. xiv. 1880, p. 196 . 

Gourret, Ann. Mus. Marseille, tom. ii. Mem. 2, 1884, p. 103. 
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or brain situated in the head, and of a ventral ganglion lying 
in the trunk ; both these nerve centres are embedded in the 
epidermis, and are connected with one another by means of two 
stout peri -oesophageal nerves (Figs. 102, 104). The brain- 
also gives off a pair of nerves to the eyes, another pair to the 
olfactory organ, and a pair which ultimately meet one another 

and so form a ring ; on this are 
certain ganglia giving off nerves which 
supply the muscles of the head. Both 
the chief ganglia give off numerous 
nerves, which divide and split up into 
a network of fibres which permeate 
the whole skin. 

The sense organs are comparatively 
simple. A pair of very small eyes lie 
in the skin of the head ; they are of 
complex structure, and to some extent 
remind one of the simple eyes of 
certain Crustacea. Behind the eyes 
and also on the upper surface of the 
animal is an unpaired organ which is 
usually described as olfactory in func- 
tion (Figs. 103, 105). This is a 
ring-shaped modification of the epi- 
dermis drawn out into different shapes 
in the various species. The modified 
epidermal cells bear long cilia. The 
remaining sensory organs found in the 
group consist of clumps of modified 
cells scattered in round groups over 
the surface of the body and of the fins. 
The central cells of each group bear long tactile hairs, and arc 

surrounded by supporting cells. 

The Chaetognatha are hermaphrodite, and carry the female 
organs in the trunk, the male in the tail. In a mature specimen 
the two ovaries occupy almost all the space in the trun ^ 
between the alimentary canal and the skin, and each is supportec 
by a narrow lateral mesentery. The ovary is traversed by a 
oviduct which often contains spermatozoa ; it is not clear iow 
the eggs make their way into the oviduct, which seems to have 


CL 



Flo. 102. — Hea<l of .S o/jilta bipunc- 
tata . A, Dorsal view ; B, ven- 
tral view. x about 33. (From 
Her twig. ) A, o y spines; 6, 
nerves to lateral cephalic gan- 
glia ; c, hooks ; </, cephalic 
ganglion ; e , olfactory nerve ;/, 
optic nerve ; g t hood ; h t com- 
missure to ventral ganglion ; 
j 9 olfactory organ : B, a, c, 
and g as in A ; mouth. 
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no internal opening and to act largely as a receptacnlum 
seminis. The oviducts open externally on the upper side at the 
ljase of the lateral fin, close to the junction of the tail and the 
trunk. 

The cavity of the tail is divided into two lateral chambers by 
the extension backward of the median vertical mesentery. In 
each of these a testis and a vas deferens are found. The testes 
are solid ridges formed by the growth of the 
lining cells of this part of the body-cavity ; 
the cells mature into spermatozoa, which 
break off and float freely in the coelomic fluid. 

At the breeding season the whole tail may 
be crowded with masses of spermatozoa, which 
are kept in a more or less regular circulation 
by the ciliated cells lining the body-wall. 

The vas deferens opens internally into the 
space where the spermatozoa lie, and at the 
other end into a vesicula seminis, which 
opens to the exterior. The position of the 
latter structure varies, and is of some syste- 
matic value. 

The eggs are laid in the water and as a 
rule float at the surface of the sea. S 2 >adella 
cejriudoptera is, however, an exception to this 
rule, as it attaches its eggs by means of a 
gelatinous stalk to sea-weed* The segmen- 
tation of the ovum is regular, and gives rise 
to a two-layered stage or gastrula, which 
opens by a pore, the blastopore. This does 
not, however, become the mouth, but closes — 

up mid the mouth arises at the opposite 7™ 

pole. Perhaps the most interesting feature ' 

of the development of S.yitta fe that the 
cells destined to form the reproductive 
organs separate from the other cells of the 

l’esemhliiig^tlie'udufe inTll ^tsZVUTt ‘f * ■ *" “ • Uto 
Habits. The Ohaetognathn are esseulh.iiy ^ngie. and in- 




x 30. (From Hertwig.) 
n, Cephalic ganglion ; 
6, commissure to ventral 
ganglion ; c, olfactory 
organ ; d 9 alimentary 
canal ; c, ovary ; /, ovi- 
duct ; tj % testis ; A, vesi- 
cula semitialis. 



igo 


CHAETOGNATHA 


CHAP. 


semble many other creatures that dwell at the surface of the 
ocean in being almost completely transparent. Most species have 
been taken far out at sea, but some are perhaps rather more 
numerous near the coast, and one species, Spadella cephaloptera, 
is littoral. They swim by means of muscular movements of the 
whole body ; the fins have no movement of their own, and seem 
to serve as balancers, and not as locomotor}' organs. Although 
usually found at the surface of the water, many species have been 
taken at considerable depths. Chun 1 2 states that they are found 
in countless numbers at depths of from 100 metres to 1300 
metres. The commonest species at these depths are Sagitta 
hexaptera and Sagitta scrratodentata. Sagitta bipunctata, accord- 
ing to the same authority, confines itself to the surface. Whether 
the change of depth is diurnal, or whether it has any relation to 
sexual maturity, or to any other cause, has not been satisfactorily 
determined. 

The food of the Chaetognatha consists of floating diatoms, 
Infusoria, small larvae, and such Copepods as Calanus Jinviar- 
chicus, and small Amphipods as Pkoxus plumosusr At times they 
also devour small larval or post-larval fishes, ami owing to their 
incredible numbers, they doubtless do considerable damage to sea 
fisheries. It is also recorded that they eat one another, and 
specimens have been taken which have ingested the whole lx>dy 
of another Sagitta except the head, which hangs out ot the 
mouth of the eater, and gives it the appearance of a double- 
headed monstei\ 3 It has been 6aid that they attack hydroid 
polypes, but here at any rate they do not have it all their own 
way. Masterman 4 has figured the apical group of five polypes 
of Obelia, three of which are engaged in ingesting as many young 
Sagitta. 

They exist in incredible numbers ; Grassi describes the surface 
of the sea at Messina on certain days as being literally covered 
with them, and they must form the food supply of numerous 
animals which prey upon the pelagic fauna. The immense 
number of individuals is probably accounted for to some extent 
by the fact that they lay eggs all the year round, and pass 


1 Dibl. Zool. vol. i. 18SS-S9, p. 1. 

2 Scott, Annals of Scottish Natural History, 189- a»<l 1893. 

3 E. llcra neck, Iicr. Zool. Suisse, vol. in. 189^, p- lit- 

* Ann. May. Hut. Hist. 6th scr. vol. xiii. 1S94, p. 440. 
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through a very short and rapid development. They are not 
known to be phosphorescent. . a 

Classification. — The features of the Chae- 
tognatha which have most systematic value | jv ° 

are the size of the adult, the relations of the i j! I 

length to the breadth, and of the three divi- \! I / ^ 

sions to one another; the size, number, and Utfy-* 

position of the lateral fins, and of the hooks \ 1 Vy 

and spines on the head ; the thickness of the 
epidermis, and the structure of the olfactory jgjjpS''* 

organ ; and, finally, the form of the reproduo 
five organs. , s! X 

Strodtmann, 1 who gives the latest and most f\V 
complete account of the species of Chaeto- k\n 0j|) 

gnatha, arranges them under three genera, wJi \||y 

which he characterises as follows : — W j i 

(i.) Sagitta Slabber. — Two pairs of lateral jf / (j 
fins, two rows of spines on the head. The 11 

lateral thickening of the epidermis absent or \\ 

insignificant. 1 

Under this genus are included nine definite J 

species and five others — S. gracilis Yerrill, ) il 
S. elcgans Verrill, S. dentin i Grassi, S. dip- t 

tera d’Orbigny, and S. triptera d’Orbigny — (R. 5R£/ 

whose position, owing to the inadequacy of f 

their description, is of doubtful validity. |H;| * 

The distribution of the other species may J £ 

be mentioned. S. hexaptera is the largest /rxjhk 
Chaetognath known, and reaches in the adult 
stage a length of 7 cm. It is very widely ^ IG ‘ — Scufiun fu re- 

distributed, being found in practically all the ?£"*' (ni*™ HwT* 
temperate and warm seas, usually at the sur- )'?•> “• Mout !' 5 

face of the water, though at times it is found septum*’ <£’ 

at a depth of one metre, or even deeper S ar / caual , ; e > cora ‘ 

J , Mediterranean, very rare. S. tricuspi - brain to the ventral 

data, widely distributed. S. magna, Mcditer- • f ' ™^! 

runean and Madeiran, living at the surface *. oviduct «, pos- 

the most frequently descried S, TZll 
in, smaller than the preceding species, 1-2 «eiuiuaii$. 

1 ArcJtiv Naturg. 58 Jabrg. Bii i. 1892, p. 833. 






wig.) a , Mouth ; 
6, hooks ; r, anterior 
septum ; d 9 aliment- 
ary canal ; e 9 com- 
missure from the 
brain to the ventral 
ganglion ; f % ventral 
ganglion ; ovary ; 
//, oviduct ; i, pos- 
terior septum ; /, 

testis ; k\ vcsiculn 
seiiiiualis. 
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cm. in length, widely distributed, and as a rule living near 
the coast line. S. scrratodentata, Mediterranean. S. enjlnta, on 
the surface of the sea, Mediterranean and Madeiran. S. minima , 
a very small species, 1 cm. in length, Mediterranean. S. falcidens, 
Atlantic, off the coast of New Jersey. 

(ii.) Krohnia Laugerhans. — A single lateral fin extending on 

to both trunk and tail segment, 
no lateral epidermal extensions 
behind the head, only one row of 
spines on the head. Trunk longer 
'“ch HraTSfl 2 " than the tail. 

" V<7r^ Krohnia has but two species: 

hamata Mbbius, with a length 

\ " ~~ of 3-4 cm -» found in the North 

I Atlantic and at considerable 

| depths, 200 to 300 fathoms; 

and K subtilis Grassi, 1*5 cm. 
lorn?, with an extraordinary slender 
body and a relatively large head, 
1*1 found at Messina, but very rare ; 

! |[\\y as a ru ^ e only one specimen has 

'wj j been found at a time. 

| j Kr-j (iii.) Spadella Langerhans. — 

\l 1 1 / A single pair of lateral fins ; these 

il ji are situated on the tail segment. 

Mi ||£ Behind the head a thickening of 

the e pn^ erl, n s ex t en ^ s down eac ^ 
'4^ 7 side of the body to the fin, or 

Fig. 105. — Spadella draco. Dorsal view, even farther. TWO l’OWS of Spines 

x 12. (From Hertwig.) « Cephalic j j Small animals, UOt 

ganglion ; b t commissure between the 11 1 
cephalic ganglion and the ventral ; c, longer than 1 Clll. 
eye ; d, olfactory organ ; «, aliment- g pha l 0J)tcr a Buscll IS the 
ary canal ; J, ovary ; >j, oviduct (the 1 r . 

lino goes a little beyond the duct) ; A, smallest species of Cliaetognatna, 
testis ; j, vesicula scminalis. attaining at most a length of *5 

cm The body is not so transparent as in other species, and is of 
,t yellowish colour. It has been found from the Orkney Is ands 
to the Mediterranean. Strodtinann is of the opinion that \ 
three species & maria na Lewes, & batziana Giard, and S. galltca 
lV'enstecher differ from the above-named only m size 01 
their description is too indefinite to permit of accurate charactu- 
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isation. He recognises three other distinct species: S. pontica 
Ulianin, from the Black Sea ; S. marioni Gourret, from the Gulf 
of Lyons ; and S. draco Krohn, Mediterranean and Madeiran, and 
from the Canaries. 

Much confusion has been introduced into the classification 

of the Chaetognatha by Grassi , 1 who calls some — but not all 

of what other writers term Sagitta, Spadella , and vice versd. 
The following table was compiled by Strodtmann , 2 but I have 
incorporated in it two species recently described from Amboyna 

by Beraneck , 3 and called by him Sagitta bedoti and Spadella 
vougai respectively : — 


CHAETOGNATHA 

L ° f k r tCml fi ". s ; two row8 of s P‘ nes tlie head ; slender forms. 

( 1 .) Number of spmes 111 posterior row greater than in anterior. 
u. Border of hooks smooth, their point not curved. 

a. No interval between the two fins on each side. 3 5 cm. long ; 4-7 
anterior spines, 8-11 posterior spines; olfactory organ lying 
entirely on the trunk. The anterior nerves of the ventral 

ganglion lie close to one another os far as the head. Sagitta 

LYRA. 

/?. A distinct interval between the two fins on each side. 

oo. Adult animals large ; hooks 6-7 ; anterior spines 

3-4 ; posterior spines 5-7 ; tail * or j of the total 

length ; lateral areas relatively larger. — S agitta hex- 
APTERA. 

bl>. Greatest length 1-2 cm. 

««. Thickening of the epidermis behind the head ; pro- 
minently projecting vesiculoe semiuales ; olfactory 
organ very long ; hooks 8-10 ; anterior spines 4-6 ; 
posterior spines 10-15.-Sagitta Bipuxctata. 

W*. No epidermal thickening ; two caeca on the an- 
terior end of intestine ; length 1 cm. ; hooks 6-9 ; 
anterior spines 3-4 ; posterior spines 7-8 ; point 
or the hooks somewhat bent round. — Sagitta 

MINIMA. 

yy. Epidermis thin ; no caeca ; hooks 8-9, their ends 

1 1 , an o teri0r s l liues 3-4 ; posterior spines 
/ -8 length 2 cm. ; small head; trunk pripor- 
tionately thick. — Sagitta enflata. P P 

85. Hooks 11-14, usually 12; length 1*8 cm.; anterior 
rmpv ; 1X)Sterior 18 Sagitta fal- 

CIDEN S. 


‘ I Cl»tog».tj Lfto. «. F, m na , 1 . Ool/c „„ Awiyc/, M c». V. 1383. 

3 loc. cit. 
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€£. Hooks 7 on each side; length 1‘3 cm.; anterior 
spines 8-10, posterior spines 18-22 ; no olfactory 
organ. — Sagitta bedoti. 

b. Edge of hooks toothed and their point bent round ; hooks 6-8 ; 
anterior spines 6-8 ; posterior spines 10-12 ; length 1‘5 cm. ; 
slender; conspicuously projecting vesiculae seininales. — Sagitta 
SERRATODENTATA. 

(ii.) Number of the spines in posterior row smaller than in anterior. 

a. Anterior spines 3 ; posterior spine 1 ; hooks 8 ; length 3 5 cm. 

— Sagitta thicespidata. 

b. Anterior spines 4 ; posterior spines 3 ; hooks 10-13 ; length 4’1 

cm. ; tail -J- of the total length. — Sagitta magna. 

II. One pair of lateral fins lying on the trunk and tail ; one row of spines; 
body slender ; epidermis not thickened. 

(i.) Hooks 8-9, bent like an elbow at the point, serrated in the young ; 
20-25 spines in a row; ovary reddish ; length 3-4 cm. — Krohnia 


hamata. 

(ii.) Hooks 8, broad at their base but very sharply pointed ; spines in a 
curved row, about 18, with a constriction below like the neck of a 
bottle ; body thin ; length 1-1'5 cin. — Krohnia subtilis. 

III. One pair of lateral fins, these lie on the tail ; body relatively very broad 
in consequence of the thickening of the epidermis lying behind the 
head ; two rows of spines ; greatest length 1 cm. ; tail and trunk 

usually the same length. . 

(i ) A great extension of the epidermis behind the head, consisting of a ery 
large cells ; amongst these, at the level of the ventral ganglion, lies 
a bundle of still hairs; tactile organ on papillae; hooks J-iu , 
anterior spines 6-8 ; posterior spines 12 - 18 .— Spadella » ra ^ 

(ii.) Lateral extension of the epidermis not so conspicuous, and the ce Is 
composing it smaller. Tactile organs in little depressions. Trans- 
verse as well as longitudinal muscles in the trunk. Adhcsive 
on the ventral surface of the body. No interval between the latera 
fins and the tail fin. Two papillae on the head-liood elonga * 
into club-shaped tentacles. H^oks 8-9, slightly -rrated ; anterior 
spines 3-4 ; posterior spines 3-4.— Spadella cephaloptlra. 

(iii.) Similar to the last-mentioned species, hut the tad segmen is ^ 

than the trunk ; in the above it is of the same size. No adhere 
cells. The fins are covered with papillae, and with a num cr 
serrated spines pointed at both ends. — Spadella pontica. 

*■> " 

toil 

Spadella volgai. 


rotifera, gastrotricha, and 

kinorhyncha 


BY 


MAECUB HAETOG, M.A, Trinity CoUege (D.So. 

ofessor of Natural History in tbe Queen’s CoUege, Cork. 
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The Rotifera are microscopic animals, the largest not exceeding 
one-eighth of an inch in length. According to Hudson and 
Gosse, 1 they are first recorded in an observation of the Rev. John 
Harris, in 169 6, of “an Animal like a large Maggot which could 
contract itself into a Spherical Figure, and then stretch itself out 
again ; the end of its Tail appeared with a Forceps like that of 
an Ear-wig." 2 This was certainly a Bdelloid Rotifer. 

In 1703 Leeuwenhoek 3 gave a fuller description of a tubico- 
lous form, probably Limnias, and noted the peculiar appearance 
of the ciliary wreath as “ two wheels thickset with teeth as the 
wheel of a watch.” He also noted a little later * the way in 
which Mclicerta (see p. 206) builds its tube, and was the first to 
observe the revivification of certain species after drying. 6 Joblot, 
a French professor of mathematics, in 1718 figured and described 
a large number of new genera and species with more or less 
fantastic details. Baker’s figures 0 are a considerable advance on 
Joblot’s, and his descriptions of habits are still fresh and accurate. 
Eichhorn found a number of new and interesting forms ; and O. 
F Muller, influenced by the new discipline of Linnaeus, not 


’ The Roli f cra , two vols. and supplt. London, 18S6-89. 

* S' T T >3 ' ~?\r XiX - No ' 22 °* *’• 254 (bridged vol. iii. 1705, p. 651). 
Ibid vol. xxuL No. 2S3, p. 1304 (abridged ed. vol. v. p. 6). 

» J n!i x- - oo-i"' 295 ’ V ' 1784 (abrid 8 ed ed - vol. v. p. 175). 

Ibid. No. 337, vol. xxviii. 1714, p. 160. 

a Employment for the Microscope. London, 1785. 
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only figured many species, but gave good short diagnoses of their 
characters. Ehrenberg in 1838 brought out his magnificent 
Infusionsthierchen, which contains descriptions and figures of 
what are now divided into Protophyta, Protozoa, Rotifera, and 
Gastrotricha. Dujardin’s monograph on the “ Infusoires,” in the 
Suites a Buffon} was in several respects an advance on Ehren- 
berg, whose power of observation was so great as to render his 
mistakes the more inexplicable. But Ehrenberg ever adhered to 
his errors as firmly as to his facts. 

The occurrence of Rotifers among microscopic plants induced 
the botanists Cohn and 'Williamson 2 to work at their structure ; 
the group has been studied by men engrossed in other profes- 
sional cares, such as Gosse, Bedwell, Moxon, Rousselet, and 
Maupas. Huxley, 3 Leydig, 4 and Cohn 5 studied Rotifers in the 
’50’s and early ’60’s with a precision the more remarkable when 
we remember the imperfect methods then available. This period 
was closed by the valuable monograph published in Arlidge’s (4th) 
edition of Pritchard’s Infusoria , 6 under the supervision of W. C. 
Williamson. Leidy began the study of the American Rotifers. 
Eckstein 7 gave a careful and interesting account of the species 
about Giessen in a richly illustrated paper. In recent times the 
modern methods of histological and embryological research have 
been applied by Vallentin, 8 Plate,® Tessin, 10 and Zelinka, 11 the 
three Studien ueber Botatorien of the last author being indispens- 
able to every student, and containing a full bibliography. 

Hudson and Gosse’s Monograph (1886-89) contains a history 
of the class to which, as to the whole book, we are deeply in- 
debted ; and a full systematic account of all published species. 
C. Rousselet has introduced a method 12 of preparation of Rotifers 
in microscopic slides which enables workers to preserve the types 
they figure and describe for future identification and comparison. 
Gunson Thorpe has collected and studied Rotifera in China and 

I Paris, 1841. Quart. Journ. Micr. Set. vol. i. 1853, pp. 3-8, 65-76. 

3 Trans. Micr. Soc. London, vol. i. (n.s.), 1853, pp. 1-19. 

4 Vcrh. Oes. Wiirzb. vol. iv. 1854 ; Zcitschr. triss. Zool. vols. 111 . vi. 1851-&D. 

8 Zcitschr. tciss. Zool. vols. vii. ix. xii. 1856-58-63. 

« London, 1861. 7 Zcitschr. xciss. Zool. vol. «xut. 18 W. 

8 Ann. Nat. Hist. ser. 6, vol. v. 1890, p. 1 ; viii. 1891, p. 34. 

9 Jen. Zcitschr. Nat. vol. six. 1886 ; and Zcitschr. unss. Zool. Vols. xlm. x - - 

1886-90. 

10 Zcitschr. wiss. Zool. vol. xliv. 1886, p. 273. 

II Ibid. vol. xliv. p. 390 ; xlvii. 1888, p. 353 ; liii. 1892, p. 1 


” See p. 228. 
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It would be unfair not to record here the invaluable 


Australia, 
services of the late Thomas Bolton, 
and his son of the same name, 
both of Birmingham, and of J. 
Hood of Dundee, who have found 
and widely distributed living 
specimens of new, rare, and in- 
teresting species. 

Definition of the Class. — We 
may define Rotifera as a class of 
minute bilaterally symmetrical 
animals, with a chitinous integu- 
ment, a soft terminal “ disc ” 
fringed by a complex ciliary 
“ wreath,” an anterior or sub- 
ventral mouth, and a dorsal 
cloacal aperture, beyond which 
the body is usually prolonged into 
the “ foot ” or process bearing 
cement glands, and serving for 
attachment, temporary or perma- 
nent. The body-cavity has no 
epithelial lining, and is traversed 
by nerves and muscles. The 
alimentary canal possesses a chit- 
inous gizzard or mastax of pecu- 
liar arrangement, and it usually 
opens into a cloaca. The nervous 
centre consists of a ganglion on 
the dorsal side of the pharynx, to 
which a second one on the ven- 
tral side is sometimes connected 
to form a complete ring ; eyes 
and bristle- bearing feelers are 
usually present as sense-organs. 
A paired system of renal tubes 
serves for excretion, opening 
through a median contractile 



Fia. 106. — Hydatina senla^ ventral view. 
(After Plate.) al> Lateral antenua ; 
W, bladder ; ci 9 cingulum ; e, t y eggs 
in uterus \fg 9 foot gland ; g 9 gizzard ; 
09* gastric gland ; gm^ germarium or 
ovary ; gr y ciliated lobes of 44 groove " ; 
h intestine ; kidneys ; m, mouth ; 
7W, nephrostome ; oc y oesophagus ; rc, 
renal commissure, transverse tube unit- 
ing kidneys above mouth ; stomach 
overlaid by reproductive organs ; tr 9 
trochus ; tt, uterus ; wi, vitellariuiu 
or yolk-gland. 


bladder into the ventral side of the cloaca. The sexes are distinct ; 
but the males (Fig. 107), which mostly lack digestive organs, occur 
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rarely, and the females are usually viviparous, or carry about 
the eggs till they are hatched ; while, owing to the rarity of 
the males, parthenogenesis is habitual. Fission and budding are 
alike unknown. The fertilised eggs are of the kind termed 
“ winter ” or “ resting ” eggs, and resist conditions adverse to life. 

The Rotifera are of cosmopolitan distribution; most of the 
species inhabit fresh water, whilst some are brackish, and a few are 
marine; 84 genera and about 700 species have been described. 



Fig. 107. — Male Rotifers. (After Hudson. 1 ) 1, Floscularia campanulata ; 2, Laeinu- 
l aria social is ; 3, Notops brack um as ; 4, Synchatla tronula ; 5, Asj>lanchna ebbcs- 
bornii ; 6, Brachum its urceolaris ; 7, Salpina mucronala ; 8, Pedal Um mirum . 

External Features . 2 — The body is divided into three regions : 

(1) the head, ending in the disc, which bears the ciliary wreath; 

(2) the trunk, containing the viscera; (3) the foot, which only 
contains muscles, nerves, and cement-glands. The general form 
of the body varies greatly : it is spherical in Trochospliaera, 
ovoid in Asplanclinidae, conical in Scirtopoda, Triarthridae, and 
Synchaeta ; moderately elongated in the majority of the Ploima, 
among which some forms are very flat, like Pterodina, Metopidia, 
and Brachionus ; shortly elongated and cylindrical in Hydatina 
(Fig. 106), Notommatidae, and many others. In Taplirocampa 
it is cylindrical and segmented, while the segments are tele- 

1 Quart. Joum. After. Soe. (n.s.) vol. xxiv. 1884, p. 352. 

2 The definition of the Orders and systematic position of tlie genera and spec 
referred to under this head will be found in a following section (pp. 220 T.J. 



VIII 


EXTERNAL FEATURES 


201 


scopic in the Bdelloida, both ends being retractile into the 
middle segment. In most attached, tube-dwelling forms the body 
is ovate, tapering behind into the elongated stalk-like foot. 

The foot at the hinder end of the body is usually more or 
less jointed ; in Pterodina and Brackionu s it is long, transversely 
wrinkled, and retractile. Usually it terminates in a couple of 
acute, mobile toes, perforated at the tips by the ducts of the 
pedal glands (Fig. 106, fg), whose viscid secretion serves to 
anchor the animal. In Rotifer there are three of these toes, 
which are retractile, and in addition there are in this genus, as 
in most of the Bdelloida, toe-like pointed spurs in pairs on the 
more proximal joints of the foot. In Callidina the spurs are 
often perforated, and the toes are replaced by numerous openings 
on the last joint of the foot (Fig. 109, A) ; while in Discopus the 
end of the foot expands into a large disc, with numerous pores 
for the exudation ot the pedal cement, and there are no spurs. 
In Pedalion mirum the foot is represented by two tubular pro- 
cesses ciliated at the apex and at the outer side near the base 
( Fi & 11 7,/). These are inconstant in size and form, that of one 
side being sometimes reduced or absent, while both are absent 
in the closely allied species P. fennicum. 

In Melicertklae and Flosculariidae the long foot ends in an 
expanded disc, which is cupped and ciliated in the larva (Fig. 
112, B) and in the larva-like male (Fig. 107); but in two 
species it is prolonged into a long flexible thread which is not 
contractile. The foot is also elongated in the Bdelloid genus 
Actinurus and the Ploimal genus Scaridium. It is completely 
absent in the Apsilidae, Asplanchnidae (except Asplanxhnopus), 
Triarthridae, and Anuraeidae, and in the genera Trochosphaera 
(Melieertaceae) and Pompholyx (Pterodinidae). 

The fringed spines of Triarthridae are jointed appendages 
moved by powerful muscles ; in Triarthra one is median and 
ventral, the others being attached to the shoulders. In Pohjarthra 
there are twelve flattened and serrated spines, a bunch of three 
being attached to the dorsal and ventral faces of either shoulder. 
An easy transition leads to the hollow appendages of Scirtopoda, 
w nc en in a fiinge of bristly hairs, themselves feathered with 
ner hairs (Fig 117 ). These processes are in Pedalion six in 
number, two median (respectively dorsal and ventral), two antero- 
ra , an wo postero-laterab As they contain proper muscles, 
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and the postero-lateral pair contain part of the nephridia and 
bear the lateral antennae, they are true outgrowths of the body, 
and are not homologous with the spines of Triarthridae. 

The front of the body constitutes the head, which is scarcely 
distinct, though usually separated by a slight neck-like con- 
striction. The disc, which terminates the head, varies greatly 
in shape and in the arrangement of its parts. Imagine a 
circular funnel, finely ciliated within, and with the mouth at 
the bottom, the prominent rim bearing two zones of cilia, the 
inner or anterior being the coarser, and termed the “ trochus” or 
hoop; the outer finer, and termed the “cingulum” or girdle, 
while a very finely ciliated groove lies between the two zones. 






Fio. 108. — Diagram- 
matic views of disc 
of Rotifers. Cin- 
gulum represented 
by a black line, 
groove shaded ; tro- 
chus dotted ; the 
black spot repre- 
sents the mouth. 1, 
Simple disc of J/i- 
crocodon; 2. Bdelloid 
disc of Rotiftr or 
C(dlidina y the star 
represents the cili- 
ated proboscis ; 3, 
disc of Hydatina t 
~ 5 groove represented 

by lobes bearing cili- 

1, disc of Melictrta, the star represents the ciliated ventral cup with open- 
ings into it from the groove ; 5, disc of Conochilus ; 6 , disc of SUphanoceros , cingulum (?) 
of setose lobes, trochus horseshoe -shaped, mouth ceutral. 




ated styles 


Either or both of these zones may be interrupted on the dorsal 
or ventral median line, or both ; and the funnel-shaped mouth 
may be shifted — usually ventrally, so that it forms only a dila- 
tation of the ciliated groove. Again, the wreath as a whole may 
be festooned or lobed ; or the lobing may be confined to the area 
between the cingulum and trochus, as in most Ploima (Hgs. 106 
and 108, 3). Very frequently on these lobes adjacent cilia are 
fused together during life, producing “ vibratile styles, whose 
true nature is only revealed after death. In Microcodonidae the 
structure of the disc (Fig. 108, 1) nearly conforms to the primi- 
tive type ; but the ciliated groove is absent, and the “ trochus 
is in two separate half-elliptical bands. In the Flosculariaceae 
(Fig. 108, 6) the mouth is also central, the disc is funnel-shaped. 
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aiul the trochus is a horseshoe-shaped ridge, with its ends dorsal 
and raised into prominent knobs. The margin of the funnel 
is in Flosculariidae (Fig. 1 15) usually lobed, and furnished either 
with exceptionally strong cilia, or else with very long bristles 
which are usually passive. However, by the retraction of the 
lobes that bear them they are clasped together like casting-nets 
to enclose prey brought into the funnel by the action of the 
trochal cilia. An external ring of cilia in F/oscularia mutabilis 
and F. pelagica serves for swimming. In Apsilidae the margin 
of the disc bears neither cilia nor bristles, but is either simple 
and ring-like, or is produced into tentacles (Fig. 112, C). The 
oral funnel is probably represented in Flosculariaceae by the con- 
tinuation of the small central mouth into a ciliated tube (Fig. 
115, C, tf), open below, and hanging freely down into the crop. 

In all other cases the mouth is displaced, and lies in the 
groove and on its ventral side (except in Conochilus, where it is 
dorsal, Fig. 108, 5). In the Bdelloida the disc is prolonged into 
two great lobes like kettle-drums, round the posterior, external, 
and ventral edges of which run the trochus, cingulum, and cili- 
ated groove (Fig. 108, 2). All three are interrupted behind in 
the median line ; ventrally the groove widens into the oral 
funnel, the cingulum is continued into a sort of spout-like lower 
lip (Fig. 109, C, D, /), and the trochus is absent. The body is 
prolonged dorsally above the lobes into a two-jointed proboscis, 
ending in a ciliated cup overhung by two dorsal flaps : this we 
regard as a detached portion of the wreath. 

This “ Bdelloid ” type of wreath occurs also in Scirtopoda 
(Fig. 117), and in the Ploimal genera Triarthra, Pterodina, and 
Pompholyx. A simpler wreath of essentially the same type occurs 
in Asplanchnaceae and Melicertaceae ; the disc is not prolonged 
into drum-shaped lobes, but is thin at the rim, where it bears 

treble ciliated zone, interrupted on the dorsal median line and 
depressed ventrally into the oral funnel. In the Melicertidae, 
moreover, the disc is widened into a great plate-like extension, 
often beautifully lobed ; and in many of the species a ciliated 
cup lies ventral to the lips, and is connected with the groove by 
a short ciliated channel on either side (Figs. 108, 4, and 11G). 
Even the simpler wreath of Asplanclmidae is complicated by 
stronger lobes on either side bearing vibratile styles. 

The most complex discs are found in Ploima, especially in 
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Brachionus, Hydatina , and Synchaeta, since the groove is replaced 
by a zone of lappets, as above mentioned. In Proales the whole 
face of the disc is strongly ciliated. The wreath is reduced 
in the parasitic genera Drilophagus, Albertia, Balatro, and the 



Fio. 109. — Callidina aijmbiotica. (After Zelinka.) A, Ventral view, with the disc half 
expanded, proboscis extended ; B, lateral view, proboscis extended ; C, ventral 
view of anterior segments with expanded disc ; D, lateral view of same (proboscis 
retracted). «, Antenna ; bl> bladder (enlargement of rectum) ; c, ciliated cup of 
the proboscis ; ci, cingulum ; cl 9 cloaca ; cp t group of pores, the openings of cement 
glands ; </i, disc ; g, gizzard ; gm, germarium (that of the opposite side seen at a 
higher level) ; gr % ciliated groove ; k, kidney ; /, lip ; w, mouth ; pr, proboscis ; sp, 
spurs of foot ; fr, large cilia of trochus, showing vertical movements ; vtn, yolk- 
gland. The body muscles are represented by shaded bauds. 


Seisonaceae ; in Adineta and Taphrocampa it is only represented 
by a general but scanty ciliation of the disc. 

The head is very frequently retractile, as a whole, by strong 
muscles. In Bdelloida the disc proper is retracted when the 
animal crawls, while the proboscis is exserted (Fig. 109). 
Ciliated patches occurring outside the region of the disc point to 
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a primitive condition when the whole surface of the body was 
ciliated, as does the partial ciliation of the foot in certain groups. 
Synchaeta and many Notommatidae possess a pair of lateral, 
hollow, ciliated pits on the body, which can be everted to serve 
as additional swimming organs ; these are termed “ auricles.” 

The cuticle varies much in texture. It may be smooth and 
flexible, dotted or shagreened, or in the Loricata firm and of 
definite shape, constituting a lorica, which may be more or less 
distinctly divided up into areas or separated into distinct pieces. 
In this case it resists decomposition, and several species are only 
known by this “ skeleton.” In Ploesoma it is much thickened 
and looks like a honeycomb. A regular alternation of harder and 
softer zones effects the annulation of the body in certain genera. 

The hypoderm or protoplasmic layer of the skin has no cellu- 
lar boundaries, though it contains large and distinct nuclei ; it 
is usually somewhat granular. It forms the wall of the body- 
cavity, which contains a transparent liquid without corpuscles. 

The principal external glands are the pedal or cement-glands, 
which secrete a viscid substance that sets in water and serves to 
anchor the animal. They are formed from an ingrowth of the 
hypoderm, are usually paired, and open by fine ducts on or near 
the apex of the toes, when these processes of the foot are present 
(Fig. 106,/^). These glands are mostly absent when there 
is no foot, as in most Asplanchnidae and in Anuraeidae, but in 
Asplanchna herrickii a small gland on the ventral side of the 
cloacal aperture appears to represent the last rudiment of the foot. 

In addition to these, the ciliated ventral cup below the disc 
of many Melicertidae secretes a viscid substance (Fig. 116, p); 
and possibly the whole surface of the body is secretory in those 
species of this group, and of the Flosculariidae, whose tube (Fig. 
115, A) is uniform and not made of pellets. In several other 
species belonging to Bdelloida and Ploima-Illoricata a viscid 
secretion of the surface of the body renders it “ sordid ” with 
adherent particles of dirt. 

When the secretion takes the form of a tube, the body can be 
wholly withdrawn into it by the contraction of the foot. In 
Floscxdaria, Stephanoceros, and Conochilvs the tube is hyaline and 
thin-walled ; in Oecistes and Cephalosiphon it is more or less 
floccose ; and in Idtnnias it is thin, firm, and annulate d. In 
Melicerta and some species of Oecistes the tube thus secreted by 
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the body is only formed in a very young state. In M. janus 
and M. pilula it is increased by the successive deposition of ovoid 
faecal pellets on to the rim. In M. ringens (Fig. 116) and M. coni- 
fera pellets are formed of the excess of the food particles brought 
to the disc by the ciliary current ; they are carried through the 
gutters on either side of the projecting ventral lip or “ chin ” 
into the ciliated glandular cup on that side of the head. Here, 
as they revolve, they are cemented together into a pellet which 
is spheroidal in the former species, cylindro-conoidal with a basal 
hollow like a rifle-bullet in the latter. After a pellet is com- 
pleted the animal stoops down and deposits it on the edge of the 
tube. This may easily be verified by furnishing a young 
Mclicerta with water containing solid particles of carmine. M. 
tubicolaria forms a thick tube which is laminated, the laminae 
being directed upwards and outwards, and having diatom shells, 
etc., between the layers. In this case we have observed that the 
faeces are pellucid, and sometimes are so ejected as to lie in a 
sheet against the funnel-shaped mouth of the tube, and we are 
inclined to believe that the tube itself is formed altogether in 
this way. A similar process probably occurs in Oecistcs crystal- 
linns and Oe. umbella. 

The muscles are simple elongated fibres, usually having near 
the middle a mass of granular protoplasm containing a nucleus ; 
they may be smooth or striated. The principal muscles of the 
body are conspicuously striated in many active free-swimming 
forms ( Pedal-ion , Synchaeta, Pterodina, Triartlira). 

The muscles of the body-wall are transverse and longitudinal. 
They are best seen in Bdelloida. The principal muscles of the 
body-cavity are longitudinal ; the most conspicuous and constant 
are the retractors of the disc and of the foot, protraction of these 
organs being usually accomplished by the contraction of the 
transverse muscles. Special muscles effect the vigorous spring- 
ing of the Triarthridae and Scirtopoda ; in the former group the 
muscles only raise the spines, and their elastic recoil is the 
actual mechanism of progression ; but in the latter (Fig. 117) 
special flexor muscles of the limbs are the effective agents of the 
leaping movements. 

Movements~rThe Rotifera vary very greatly in their move- 
ments. The cilia of the disc, and especially of the trochus, are the 
principal organs of prehension of food, and also of swimming when 
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the animal is not fixed by its foot. In some eases, as in Bdelloida, 
the cilia lash downwards successively in the longitudinal plane of 
the body (Fig. 109, C, D); this motion during fixation produces 
a hollow vortex ring, like the rings of a skilled cigarette-smoker, 
but when the animal is free it determines a simple forward pro- 
gression through the water. In other cases the animal rotates 
on its long axis, or may even turn somersaults ( Synchaeta ). The 
appearance of the spokes of a wheel is a pure illusion due to the 
greater visibility of the cilia in their slow recovery than in 
their instantaneous down-lash. The finer cilia of the groove and 
cingulum play a very minor part in the act of swimming, and in 
the production of the great vortices at the edge of the disc when 
the animal is fixed ; they serve to direct the particles brought by 
the vortices to the edge of the disc onwards towards the mouth. 
It is easy to see that the stream must be in opposite directions 
on opposite sides of the groove ; its prolongation across the dorsal 
median line would be useless, which explains the existence of 
the dorsal median gap. At the ventral side we usually find a 
prominent ciliated lip, whose cilia work outwards, and carry oft’ 
the excess of food particles as by an overflow spout. In many 
cases among the Notommatidae, Coluridae, etc., the disc serves as 
much for creeping over'organic debris as for swimming. 

We have already noticed -the' springing bristles aud limbs 
of the Triarthridae and Scirtopoda respectively ; the great foot 
of Scandium is also used for leaping” The Bdelloida have the 
power of retracting their disc aud progressing in loops like a 
leech or Iooper (Geometrid) caterpillar. 

Baker, in a letter addressed to Martin Folkes, Esq., President 
of the Eoyal Society, dated London, 16th January 1 744-5, 1 <nves 
the following lively account of the aspect and movements of 
Philodina roseola belonging to this group, with figures, some of 

which we reproduce from the original copper-plate engraving : 

I c all it a JV ater Animal, because its Appea r anc e n s a living 
Creatu re is o nly in that Elemen t. I give it also for Distinct ion 
Sa ke the Name of Wheeler, WJ, teel Insect or Animal ; from its 
being furn ished with a Pair of Instruments, which in Figure and 
Motion appear much to resemble Wheels. It can, however’Ton-^ 
tiuue many Months out of Water, and dry as Lust ; in which 
Condition its_Shape isjglobular, its Bigness exceeds not a Grain of 
1 Reprinted in Baker’s Employment for the Microscope, 1785, pp. 267 f. 
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Sand, and no Signs of Life appear. Notwithstanding, being put 
into Water, in the Space of Half an Hour a languid Motion 
begins, the Globule turns itself about, lengthens by slow Degrees, 
becomes in the Form of a lively May got, and most commonly in 
a few Minutes afterwards puts out its Wheels, and swims 
vigorously through the Water in Search of Food ; or else, fixing 
by its Tail, works them in such a Manner as to bring its Food to 



Fiu. 1 1 0. — Philodiiui roseola. (After Baker.) A, B, Crawling, with nxteuded proboKis, 
and showing antenna; C, D. E. attached, with “wheel.” extended for catching 
food ; F, attached, with anterior end retracted. 


it. But sometimes it will remain a long While in the Maggot 

Form and not shew its Wheels at all. ... 

“ If the Water standing in Gutters of Lend, or the slimy 

Sediment it leaves behind, has any Thing of a red /Colour, one 
may be almost certain of finding them therein , 1 and, if in Summer, 
when all the Water is dried away, and nothing but Dust remains, 
that Dust appeal’s red, or of a dark brown; one shall seldom fail, 


1 “ Wheel Animals, though found w 
often discovered in the M aters of some 
,i considerable Time even in the House 
Plenty, in a Sort of slimy Matter that 
and other Vessels, that arc kept long w 
and probably they are waited thither 
<lry G lobules." 


ith most Certainty in Leaden Gutters, etc. are 
Ditches, and likewise in Water tliat has -stood 
; for I have often met with them, in sufficient 
is apt to be produced on the Sides of Glasses 
ith the Infusions of Hay or other Vegetables; 
by the Air, when in the Condition of little 
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on putting it into Water, to discover Multitudes of minute reddish 
Globules, which are indeed the Animals, and will soon change 
their Appearance, in the Manner just now mentioned. . . . 

“ A Couple of circular Bodies, armed with small Teeth like 
those of the Balance-Wheel of a Watch, appear projecting 
forwards beyond the Head, and extending sideways somewhat 
wider than the Diameter thereof. They have very much the 
Similitude of Wheels, and seem to turn round with a considerable 
Degree of Velocity, by which Means a pretty rapid Current of 
Water is brought from a great Distance to the very Mouth of 
the Creature, who is thereby supplied with many little Animal- 
cules and various Particles of Matter that the Waters are 
furnished with. 

“ As these Wheels (for so from their Appearance I shall beg 
Leave to call them) are every where excessively transparent, except 
about their circular Kim or Edge on which the Cogs or Teeth 
appear, it is very difficult to determine by what Contrivance they 
are turned about, or what their real Figure is, though they seem 
exactly to resemble Whee ls mo ving round upon an Axis. . . . 

“As the Animal isCcapaJ^e of thrusting these Parts out, or 
drawing them in, somftrfTiat in the Way that Snails do their 
Horns, the Figure of tHiem is different in their several Degrees of 
Extension and Contractibm or according to their Position to the 
Eye of the Observer, whejNpby they not only appear in all the 
various Forms before represented, but seem at certain Times as if 
the circular Kim of the Wheel or Funnel were of some Thickness, 
and had two Rows of Cogs or Teeth, one above and the other 
below that Rim.” 

Digestive Organs. — The 'pharynx is usually a narrow ciliated 
tube, which varies in length "from' genus to genus, but in no 
other important 'point, save in Flosculariidae, where it assumes the 
form of a crop, into which the mouth hangs freely down as a 
narrow ciliated tube. At* its lower end is an enlargement, the 
m astax or gizzard . 1 This is a strong muscular sac containing 
th e trophi or hard chitinous chewing organs, with an antero- 

1 Gossc’s account of the “ Structure, Functions, and Homologies of tho Mandu- 
catory Organs in tho Class Rotifera” (in Phil. Trans. 1856) remains as tho most 
complete anatomical account we have, though his attempt to identify theso jvarts 
with tho modified limhs ol the Arthropod mouth has met with no aupj>ort from 
subsequent workers. Gosso rendered these parts clearly visible by the use of 
dilute caustic alkali. 
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ventral inlet from the pharynx, and a postero-dorsal outlet 
through which the food passes into the stomach either directly 
or through a slender gullet (Fig. 106, oe ). In the ventral wall 
of the gizzard of most Ploima is a median piece, the fulcrum, 
from which run forwards and upwards two pieces, the rami, 
which are hinged on the fulcrum. The \ -shaped structure 
formed of these three pieces is called the incus (anvil). At 
either side of the gizzard and at a higher level is a paired piece, 
the malleus, so called from its resemblance to a hammer, of which 
the manubrium (handle) looks backwards, and is embedded in 



^ ft 

Fio. 111. — Diagram of trophi. (After Hudson.) A, Malleate; B» G, 

virgate ; D, forcipate ; E, malleoranmte (AfdicerUi) ; P, meudate ( <^ manu 
uncinate (Stephanoctros) ; H, inmate (Xvlifer). /, Fulcrum; h 1 > 

briuni (malleus in G) ; r, ramus ; un, uncus. 


the side walls of the mastax, while the toothed claw or 
looks forwards and inwards, and is hinged at its inner si e 
the tip of the ramus. As the unci and rami are usually strong j 
toothed, this gizzard forms a very efficient apparatus for c * 

In some cases, when the pharynx is short and dilatab e, 
points of the unci and rami may be protruded for 
clinging to the host (in the parasitic genera Albertxa and 
yhaqus), or for the prehension of food (Rattulidae, etc.). „ 

The type we have just described is termed the ma 
type (Fig 111, A). If all the trophi are slender and scarce X 

toothed, we have the “virgate” type (C), which is reque 
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asymmetrical In the “ submalleate ” type (B) the mallei only 
are slender ; in the “ forcipate ” type (D) both the unci and 
rami are slender and sharply pointed . 1 In the “ malleoramate ” 
type (E) the manubrium is a curious looped structure, while the 
uncus is formed of a number of parallel slender elongated teeth ; 
this characterises the family Melicertidae, and the genera Triar- 
thra, Pterodina, and Pedalion. In the “ uncinate ” type (G) the 
mallei are simply incurved hooks with a few teeth at the free 
end, the rami are simple or absent, and there is no fulcrum ; this 
type occurs in Flosculariaceae only. In Asplauchnidae the rami 
are large and hooked, constituting the “ incudate ” mastax (F) ; 
but here reduced mallei are often present, and in Asplanchnopus 
they are almost as well developed as in Melicertidae, affording a 
transition to the malleoramate type. In this group too the 
mastax has a very peculiar form ; it is divided into two cham- 
bers, dorsal and ventral. The dorsal chamber forms a great 
purse-like sac or crop, with a framework of four longitudinal bars : 
into this the gullet and pharynx open. The ventral pouch is 
much smaUer, and in its base the large rami are inserted, so 
that they can be protruded into the crop. This ventral sac 
with t he rami may even be everted through the crop and the 

Z hl'T lT, SmaU E ° tiferS and Entomostraca which 

cf thc fnM T w S T P ’ ° r t0 ejMt th6 "““ge-ted ™ain S 
of the food Two lateral sacs open at the junction of the ventral 

T* whether they play a part in the deglu- 

facl- rw ^ ° r , m dj 8 S° r g in g of * uncertain. The 

fact that the whole of this apparatus is lined by a non-ciliated 

chitmous cuticle justides our view that it is simply an enlar ge 

ment and specialisation of the mastax. 7 g 

ramf'which 1 ’!! 1 il \. Bde f Uoids also °nly represented by the 
on the curvedTides^or r ^e° f .f S ? ent3 ° f . a 8 P hcre « excavated 

verselv ridded nn th t- attactlment muscles, and trans- 

■‘ ramL fH). ** the ^ zard * here called 

useful for da^ficat^n ^Lv^^ 8 ° f th ® Vef7 

1 A modification of th- *• ^ breakm S down indeed in the 

and rami are two-pronged ^ ^ parasite where the unci 

another, hut protrusiblo as a wh 1 t bUt tbe are not movable on one 

Oligochaete Lumbriculus to ivlnVWv^ S ~ Ve . “ an or 6 an of attachment to the 
“Ueb. Driloyhaga bucephalu* " «<*. ■ 13 attaches itself. See Vojdovsky, 

* etc., m SB. Biihm. Ges. Jalirg. 1882 (1888), p. 390. 
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Ploima ; for though the majority of these present one or other of 
the tour varieties of the malleate type, Triarthra and Ptcrodina 
(but not the other genera of their respective families) have the 
gizzard malleoramate. 

The oesophagus is, when present, a contractile ciliated tube in 
which the food makes no sojourn on its way to the stomach. 

The stomach may be nearly spherical, ovoid, or elongated and 
cylindrical. Its walls are formed of large cells, often granular 
and sometimes brownish, whence a hepatic function has been 
assigned to them. Its apertures are both surrounded by con- 
stricting muscular fibres. The intestine may be simple or 
divided by a similar constriction into intestine proper and 
rectum. The whole of the alimentary tract, with the exception 
of the mastax, is richly ciliated within. The rectum opens into 
the slender non-ciliated cloaca. The intestine is sharply l>ent 
upwards and towards the back in the tubicolous forms, but is 
nearly straight elsewhere ; in Trochosphaera it is bent ventrally. 
In Asplanchuaceae and in Paraseison there is no rectum, the 
stomach being a blind sac. 

The so-called saliva'i'y glands, usually two in number, open 
into the pharynx or mastax ; and the paired gastric glands (Fig. 
10 b, gg) open into the oesophagus or stomach. While the pre- 
hension of food is usually accomplished by the ciliary current 
of the disc and pharynx, we have seen that a more active 
swallowing action takes place in Flosculariaceae and Asplanch- 
nidae, which devour whole Algae, Infusoria, and even other 
Rotifers, the long spines of Triarthra not availing as a protec- 
tion. Many Ploima put out the tips of their trophi to nibble 
at debris, or, in the case of Digleno. and Distemma, to attack 
Desmids, or the Infusorian Stentor. But this use of the trophi 
is most efficient in l J loesoma. Bilfinger 1 writes: “It has the 
courage to attack larger Rotifers ; thus I was able to observe 
under the microscope how it fell upon a Rattulus but little 
smaller than itself and destroyed it. First it plunged the sharp 
prongs of its mastax deep into the tender frontal area of its 
unhappy victim ; then followed a pumping action of the gizzard, 
and stroke by stroke the whole contents of the victim’s bod) 
passed into the brigand’s stomach.” From this it is an eas) 
transition to the ectoparasitism of Dinlophagus, Balatro, an 
' “Zur Rotatoricn Wiirttemburgs," in Jnhresl. Vcr. Wart. vol. 1. 1894, p. $'• 
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some species of Alberlia , which cling to their host by the 
exserted trophi. 

Renal Organs. — The kidneys consist of a pair of convoluted 
tubes, formed of a succession of perforated, so-called “ drain- 
pipe ” cells (Fig. 106, A); they open directly or indirectly into 
the cloaca. Their walls are thin in the straight parts, but thick 
and glandular in the coils which occur at intervals. These tubes 
bear little tag-like appendages, hanging freely into the body- 
cavity, often widening towards the free end, and flattened or 
circular in section (Fig. 106, ns). They show during life a 
peculiar flickering motion in their interior, like the equivalent 
“ flame-cells ” of many Platyhelminthes (see p. 25), and are in 
function the representatives of the multicellular renal funnels 


of Annelids. On one side, especially on the edge of the flattened 
tags, the appearance is as of a tapering whip-like lash, attached 
by its base to the free end of the tag and waving in its cavity : 
but the side view of the flattened tags shows an appearance of 
successive transverse or oblique waves. In many if not all cases 
the free end of the tag is closed by a vacuolated plug of proto- 
plasm, which sometimes at least bears two flagella waving freelv 
in the body-cavity. The probable explanation of the two dis- 
tinct wave appearances within the tag is that the protoplasmic 
plug bears on its inner face a row or tuft of long ciliu hanging 
down into the cavity of the tag. The tags probably keep up a 
current of liquid through the kidneys, while the conteuts of the 
body-cavity are constantly replenished by osmosis. 

The two renal tubes may end blindly below the disc, or else 
join by a short transverse dorsal communication in front of the 
brain, as in Styhanoceros, Atrochus (Fig. 112, C), and Ami! us 

among hlosculanaceae.Zncinw/nj^rt among Melicertidae, and Huda- 

liruc among the IUoricate Ploima (Fig. 1 0 6, re). In some species 
of Asplarushna, if not all, a recurrent branch occurs opening at 
cither end into the main tube of its own side. 

kldne y 8 anite to discharge into the cloaca near its 

Zr^’ * Ud T° n vA U**? 1 (primitivel > r vential ) in many Meli- 
idae. In Bdelloida the common duct formed by their fusion 

opens into the ventral side of a dilated bladder-like section of 

cblval tT r lg ‘ !° 9 \ A ; hl }‘ Which contrac ts rhythmically to dis- 
g le liquid; while in the majority of the class they open 

u o 7 01 y a common duct into a separate contractile vesicle or 
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bladder, which also discharges at regular intervals into the cloaca 
on its ventral or distal side (Figs. 106, bl and 112). This bladder 
may reach when expanded one-third the diameter of the whole 
animal, and contract as often as three times per minute ; so that in 



Fig. 112.— Apsilidae : A, Apsilua laitiformis, 9, dorsal view (after Metschnikoff) ; the 
square brain is seen with nerves to the lateral antennae ; B, larva of A. lent\fi/n>us\ h 
showing the paired eyes and ciliated cupped foot; C, adult of Atrochus appau 
culatus, 6 (after Wierzejski). at, Lateral antennae ; am, median antenna 'J u * 
front is seen the renal commissure) ; an, anus ; br, brain, below which the 1 
eyes are seen ; e, cloaca ; em, embryo ; em', an ", an'", three successive stage 
embryos in the uterus of C ; k, kidney. The coarser muscles are striated. 

a period of nine minutes a bulk of water equal to that of the 
animal must have diffused through the body- wall, to be removes 
by the kidneys. It is obvious that while the function of the 
kidneys is primitively excretory, the passage of the water throng j 
the body must bring in the oxygen dissolved in the externa 
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medium, and carry off the carbonic acid formed in the tissues, and 
so fulfil the act of respiration. This mechanism is physiologically 
comparable with that of the contractile vacuole of fresh -water 
Protozoa. In a few genera ( Conochilus , Lacinularia, Pterodina) 
the kidneys open separately after a slight dilatation into the cloaca. 

Nervous System. — The nervous centre of the Rotifera is the 
brain (Fig. 112, C, hr), a ganglion lying dorsal to the pharynx; 
and when this is short it may be immediately below the surface 
of the disc (Microcodon'). In Bdelloida a second ganglion is present 
below the pharynx, and is connected with the former by lateral 
cords which contain ganglion cells. From the brain, nerves are 
given off to the disc, to the muscles, and to the integument of 
the body, as well as to the sense organs. The largest nerves are 
two given off from the sides of the brain, each of which divides 
into a lateral and a ventral trunk, which run nearly the whole 
length of the animal. 

The brain of several Notommatidae has a curious appendage, 
white by reflected light and very opaque ; it is a sac full of 
chalky mineral matter, which dissolves readily in dilute acids. 

Sense Organs. — The most widely diffused sense organs are 
the antennae or feelers, which may serve for touch or smell, or 
possibly both. Each antenna is a conical or tubular outgrowth 
of the skin ; from its apex projects a fine pencil of sense hairs 
borne on a protoplasmic cushion, which receives a nerve. Often 
the antenna is elongated, and may then contain a muscle by 
which it is retractile (lateral antennae of Melicerta) ; sometimes 
it is reduced to a slight prominence bearing the setae (dorsal 
antenna of this genus). There are usually three antennae — a 
median dorsal (Figs. 109, B, a, and 112, C, am) and two lateral 
(Figs. 106,112,0, and 1 1 5 , A, al ), often approximated towards the 
ventral surface, and sometimes all but fused on the middle line, 
or completely united ( Conochilus dossuarius, Copeus caudatvs). 1 

Most Rotifers possess an organ of Bight. This in its simplest 
form is a refractive globule seated in a red pigmented cup through 
which the nerve passes ; in other cases it lies directly on the 
brain. Very frequently the eye is paired (Figs. 112, B, and 
115, A); and these paired eyes may lie on the brain, and then 

1 Similarly Hudson and Zelinka both regard the dorsal antenna as formed by 
the coalescence of two autennao. These retain theif distinctness in Atplamhna ; 
in some Bdelloida the single antenna is supplied by a pair of nerves. 
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are so close together that the pigment-cups have the shape of an 
x, or else they are seated in the dorsal region of the head behind 
the disc. In some cases they lie just under the ciliary wreath, 
or even within the region of the disc, and pass towards its ventral 
side in Pedalion (Fig. 117, A, e). In Rotifer they lie just under 
the dorsal side of the proboscis just below its apex. The median 
and two lateral eyes often exist together, as in Eospkora ; and 
sometimes additional paired eyes exist. In Furcularia longiseta, 
var. grandis a pair of pigment spots (eyes ?) occurs at the hinder 
end of the body just in front of the foot. 

The active Ploima show a spontaneity of movement and 
marked power of avoiding obstacles, etc. This is still more 
marked in the very active Pedal ion, which, as Rousselet notes, 
clearly avoids capture by the dropping tube, aided by its sense 
of sight, as he suggests, or by the tactile or olfactory powers of 
the antennae. They must rank as psychically high in the scale 
of creatures of simple organisation. 

Reproductive Organs and Reproduction. — The most con- 
spicuous organ in the female is the large yolk-gland or vitellariirn 
(Figs. 10G and 109, A, vm), which was regarded as the ovary by 
all the older observers. It consists usually of eight cells, with 
conspicuous nuclei, lying on the ventral side of the stomach, and 
frequently displaced to one side ; but in most Asplanchnidae it 
forms a broad transverse band of numerous cells. In Pterodma 
it is horseshoe-shaped, while in Seisonaceae and Bdelloida it is 
paired, either gland containing four or eight cells. The true 
ovary or germarium (Fig. 106, gvi) lies more or less hidden 
between the yolk -gland and the stomach; it is composed of 
numerous minute rounded cells, of which the hindmost for the 
time being enlarges by nutrition from the yolk-gland, and finally 
receives a membranous shell. This true ovary is somewhat 
lateral in most Rotifers, but is median in Asplanchnidae, and 
paired in Pterodina, Bdelloida, and Seisonaceae. A membranous 
covering is common to the ovary and yolk-gland (paired when 
these are paired) ; it is continued into a thin-walled tube or 
oviduct, which opens into the cloaca on its ventral side beyond 
the bladder or common renal duct. In the viviparous species 
the mature ovum (Fig. 112, em) usually lies in the oviduct, 
dilating it into a sort of “ uterus ” until the birth of the young. 
The ordinary eggs or “summer eggs” are formed without any 
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fertilisation, and develop immediately ; they are often hatched 
within the tube of the tubicolous species. 

Under certain conditions the unfertilised females produce 
exclusively smaller eggs, which develop into males. Maupas 1 
has demonstrated that a rise in temperature to a minimum of 
2G° C. (79° F.) is the efficient factor. But as Bergendal points out, 2 
the critical temperature probably varies with the antecedent con- 
ditions of the race, since males occur in Greenland at a very 



Fio. 113 . — Dvjlena caUlliiui. (After Weber.) A, Male ; B, the pair in copula ; 

C, female. J>> Peub ; U y testis. 

much lower temperature; and it would seem probable that a 
temperature approaching that at which the pools habitually dry 
up is what is necessary for the production of males, as a provision 
for those fertilised eggs, which, having a hard shell often adorned 
with prickly prominences, and usually remaining for some time 
before development, are capable of withstanding drought ; such 
eggs are termed “ winter eggs,” but a better term would be 
“ le stiug eggs ” (German, “ Dauereier ”). 

The male organs consist of a testis (Fig. 113, A, te ) with acces- 
soi y glands, a large seminal vesicle, and a protrusible or project- 
ing penis (t>). I n Notommata and Diylena true intromission 

1 c. 11. Ac. Set. cxi. 1S90, p. 310; cxiii. 1891, p. 38S. 

1 Acta Unit. Lund, xxviii. 1S91-92 
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at the cloaca (B) has been seen by many observers ; but it 
appears equally certain that in many cases the male bores into 
the body-wall of the female at any point, and deposits the sper- 
matozoa in the body-cavity, so that they must pass through the 
wall of the oviduct to effect fertilisation. Maupas finds that 
the process of fertilisation is ineffective except upon such newly- 
hatched females <is would otherwise be the parents of small male 
eggs; that fertilisation is inoperative even for these at a later 
age when their eggs have begun to mature ; and that it is 
wholly useless for those that lay ordinary summer eggs. The 
parent of male or winter eggs would thus be comparable to the 
queen bee, which if not fertilised produces drones. These sexual 
relations find a close parallel in the Ostracod and Phyllopod 
Crustacea, as well as in many plant-lice (Homoptera). 

Development. — This has only been fully studied in the 
summer egg; in Erachior.us by Salensky, 1 in Mcliccrta by 
Joliet 2 ; in Eusphora digitata and several other species by Tessiu 3 ; 
in Callidina and Mcliccrta by Zelinka, 4 the last two observers 
having utilised modern methods of research. We shall base our 
account on Zelinka’s observations. As in the case of most 
“ parthenogenetic ” eggs, the ovarian egg begins by a very uneven 
division to form two cells: the minute “first polar body” which 
undergoes no further development ; and the definitive egg, which 
by its repeated divisions gives rise to the tissues and organs. 

Segmentation is very unequal, and recalls that of Molluscs 
in several respects. The first division gives rise to a smaller 
and a larger cell. Both of these divide again, the latter un- 
equally, so that now there are three smaller cells and one large 
one ; and after repeated divisions of the small cells and unequal 
divisions of the larger one, a stage is reached where there are a 
number of small cells and one large one, which sinks iu and is 
overgrown by the small ones. Just prior to this the large cell 
undergoes equal divisions ; its cells are the “ hypoblast cells 
(Fig. 114, hyp), and give rise to the gullet, stomach, and intes- 
tine, with their appendages, and the generative organs; while 
the smaller cells constitute the " epiblast ” ( ep ), which gives rise to 
the body-wall and muscles, to the cement glands, nervous system, 
pharynx and mastax, and probably to the kidneys. 

1 Zcitschr. uiss. Zool. xxii. 1872, ].. 455. 2 Arch. Zvol. Exp. st-r. 2, i. 1883, !«. 131. 

3 Zcitschr. tviss. Zool. xliv. 1886, p. 273. 4 llid. liii. 1892, j». 1. 
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Owing to the elongation of the body within the narrow 
space of the egg the hinder part is bent up on the ventral 
surface (D, E) ; and this part, narrower than the rest, forms the 
foot, the centre of which is at first occupied by a column of 
hypoblast. The cloaca is now formed by a dorsal ingrowth 
of epiblast (the " proctodaeum ”) at the junction of the foot 
and the body (an). The hypoblast in the body anterior to the 
cloacal ingrowth forms the digestive apparatus; the part imme- 
diately behind forms the reproductive organs (r>) ; and the hind- 
most part apparently disappears. An ingrowth of epiblast at 
the extreme tip of the foot gives rise to the cement glands (f'j). 

a. 114. — Development of 
Callitlin if. (After 
Zelinkn.; A, Early 
stage shov ing involution 
of granular cells (</). 
to form the mnstax or 
gizzard. B, Involution 
complete. C, Second 
involution of epiblast 
cells to form pharynx. 

D, The embryo bent on 
itself at ventral fold (c/‘). 

E, Showing ingrowth of 
epiblast to form brain 
(/»>•) : an, involution of 
epiblast to form cloaca ; 

brain ; <y>, epiblast ; 
fl h involution to form 
cement glands of foot : 
*/, granular cells ; ryi, 
gizzard ; hi/js y hypoblast : 
in, mouth ; o, ovary ; 
s/% salivary glands : vf, 
limiting body from foot. 



The muscles arise from the epiblast cells. The disc arises from 
the modification of epiblast cells lateral to and behind the 
mouth, enclosing a so-called “ polar area ” ; it is completed by 
the transformation of cells on the ventral side of the mouth. 
The brain (hr) is formed by the multiplication of epiblast cells : 
and in Bdelloida a ventral ingrowth below the mouth forms the 
sub-oesophageal ganglion. The ciliated cup in Mcliccrta is 
formed as a ventral hollow, only later on united with the ciliated 
furrow of the wreath by the lateral grooves . 1 In Mcliccrta the 
two eyes are formed in the polar area. The young as hatched 

It docs not appear to ns that Zelinka is justified by bin account of tho 
development in regarding tliis cup as other than a ,wrt of the disc. 
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differs from the adult in the greater simplicity of its ciliary 
wreath ; and in the tubicolous forms the cupped end of the foot- 
gland is ciliated, and two eyes are present on the polar area, 
which later sink in, and often disappear more or less completely. 
It is stated that the young hatched from winter eggs do not 
pass through this larval state. 


Classification , 1 


Order I. Floscnlariaceae. — Females mostly tubicolous, at- 
tached by a long contractile foot. Disc produced into a wide 
funnel-shaped contractile cup, produced into lobes with long 
setae ( F/oscularia ) or coarse cilia ( Steplianoceros ), or entire (Ap- 
silidae) ; an outer row of fine cilia rarely present ; trochus a 



Fig. 115 . — Slcphanoccros cich - 
horniu (After Cubitt.) A, Dor- 
sal view of the upper part in its 
tube : alj lateral antenna ; f, 
eye ; ewt* developing embryo in 
uterus ; g t gizzard ; s.g, median 
salivary gland. B, Extremity 
of foot. C, Lateral view of base 
of disc : aniy median antenna ; 
of. \ oral funnel ; s.g 9 median 
salivary gland ; if 9 in the crop, 
indicates the ciliated tube pro- 
longing the funnel ; tr 9 horse- 
shoe-shaped trochus. 


horseshoe, open behind. Oral funnel a slender tube hanging 
freely into a large pharyngeal crop ; trophi uncinate projecting 
freely into the crop. Kidneys often united by an anterior cross- 
piece. Body-wall often containing a definite system of canals, 
filled with refractive granules, and serving by their contraction to 


1 Tlic classification wo have adopted is a modification of that made by 
Hudson and Gossc ; wo have divided up their first Order Rhuota into > two^nd 
split oil from Flosculariidae the family Apsilidao ; removed th. 
from the admittedly heterogeneous Order Ploima, !»>*> **»« ™ 
rioima for Microcodon idae and Rhinopidae, and create a 
Seisonaceae. Ehrenherg, Oo.se, and Hudson, being the authors of most 
genera, arc designated by their initials only. 
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dilate the disc. Males (Fig. 107, 1) and larvae vermiform with a 
ciliated pedal cap, and a simple wreath, with two eyes on the disc. 

Fain. 1. Flosculariidae: Floscularia Oken, Stephanoceros E (Fig. 115). 
Fam. 2. Apsilidae : Apsilus Metschnikoff (Fig. 112, A), Acyclus Leidv, 
At rock us Wierzejski (Fig. 112, C). 


The family Flosculariidae contains some most exquisite forms ; 
Stephanocci'os, the “ Crown Animalcule,” being probably the most 
lovely of the Class, and many of the Floscules coming not far 
behind. The Apsilidae are mostly mud-dwellers. 

Order II. Melicertaceae. — Females (except in Trocho- 
sphaera ) attached or tubicolous; tube variable. Disc with a 
dorsal gap (except Conochilus ) often two-lobed or corolla-like ; a 
ventral lip often separating off a ventral 
ciliated cup continuous by a pair of gutters 
with the ciliated groove ; troehus of 
stronger cilia than the cingulum. Trophi 
malleoramate in a distinct mastax. Intes- 
tine much curved dorsally, cloaca long 
eversible (except Trochosphaera). Males 
and larvae as in Order I. 

Faiu. 3. Melicertidae : Melicerla E (Fig. 116), 

Limnias Sckrank, Cephalosiph on 
E., Oecistes E, Lacinularia E, 

Megalotroeha E, Conochilus E, 

Octotrocha Thorpe. 

Fam. 4. Trochospliaeridae : Trochosphaera Fio.H6.-J lelice^lZgcns. 

C„ /x-._ , , o ~ (After Joliet). A. Side 

viow ; B, dorsal vi&w. 
<d y Lateral nuteniine ; a\ 
cingulum seen by trans- 
parency ; ff y gizzard ; j > 9 
pellet in ciliated cup, 
about to be deposited ou 
edge of tube ; tr> troehus. 



Semper (Pig. 118, D). 


The Melicertidae embrace a large nuin- • 
her of tubicolous forms, many of which are 
social. This habit is especially notice- 
able in Lacinularia socialis, which forms - , „. 

a gelatinous incrustation easily seen by the naked eye ; and 
m Conochilus volvox, which forms free-swimming globular nm-re- 

SSi of 6 the°T s n atto ? hi ? g themselves When '“ tched *» *h. 

S Idue nrL ’ • “ . . baU »P “to two as soon 

In this (refills tiT ** eXerted at t * le periphery by overcrowding, 
they 1 !n X * -, eyea r " V* conspicuous in the adnlt, a°s 
racemovata. ^ ** ree ‘ Rwimmin g aggregates of Lacinularia 

Trochosphaera (Fig. 118, D) is remarkable for its peculiar 
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spherical shape, the absence of a foot, the limitation of the 
viscera to the lower hemisphere, and the dorsal position of the 
ovary. But a reference to the figure will show that the out- 
growth of a foot in the quadrant between the mouth and anus 
and the flattening of the upper hemisphere would bring its organs 
on tire whole into close correspondence with those of the rest of 
the Order. It is recorded from South China, the Philippines, 
and North-East Australia, and has only been seen by Semper, 
the founder of the genus, and by Thorpe, who saw the male of 
the first species, and described a second. 

Order HI. Bdelloida. — Females creeping like a leech, as 
well as swimming (males unknown), susceptible of desiccation and 
revival (“ anabiotic ”). Body telescopic at both ends. Disc 
(except in Adincta ) chiefly composed of two dorsal lobes like 
kettle-drums, wholly retractile ; a dorsal proboscis or trunk-like 
prolongation of the body ends in a ciliated, sensory, and adhesive 
cup used in crawling, and overhung by a pair of membranous 
flaps. Trophi ramate ; brain with a ventral ganglion, forming a 
complete ring. Eyes, two on the proboscis or brain, or absent. 
Bladder a mere dilatation of the rectum. Foot often possessing 
blind spurs, as well as two or three retractile perforated toes, or 
forming a terminal disc perforated by numerous pores of the 
cement glands, rarely ciliated . 1 

Fam. 5. Philodinidae : Philodina E. (Fig. 110), Rotifer Schrank, Actinurus 
E., Callidina E. (Fig. 109), Adinda H. 


This group is remarkable for the great resisting powers of 
its members to drought and to heat and cold when dried, a fact 
which may explain the absence of males, though Janson records 
the occurrence of winter eggs in four species ot Callidina and in 
Adineta vaga. The body is often strongly pigmented ; red in 
Philodina roseola, Callidina scarlatina, and C. russeola, yellow in 
P. citrina, Rotifer cilrinus, and Discopus synaptae. Most of the 
species are dust- or moss-dwellers ; some, such as Rotifer vulgar is, 
are equally common in organic debris in infusions, pools, ant 
ditches. Discopus adheres to the skin of the Holotliurian Syruipta. 

Order IV. Asplanchnaceae. — Females ovoid, footless except 
in Asplanchnopus. Disc often bearing a pair of antennae ; circular 
often prolonged at the margin into two rounded lobes, interrupted 

1 This Order has been monographed recently by Janson in Abh. Ver. Brem. 
Bd. xii. Bcilage, 1893, p. !• 
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dorsally, depressed at the ventral side into a deep ventral funnel. 
Trophi incudate (virgate in Ascomorpha), mast ax enlarged dorsally 
into u wide crop : stomach large, blind. Kidneys large, with a 
“ recurrent duct ” and numerous tags ; bladder large. Brain 


large, with a median eye, and frequently paired smaller eyes 
at the base of the marginal processes of the disc : anterior 
antennae paired, relatively far back on dorsal surlace. Males 
(Fig. 107, 5) relatively large, frequently found. 


Fam. 6. Asplanchnidae : G., Asplanchmpus De Gucrne, 

(?) Ascomorpha, Perty, (1) Diuops Vi cstem. 


Order V. Scirtopoda. — Females of conical shape, with the 
body prolonged into hollow limb-like expansions (see p. 201) 
moved by strong muscles, and ending in branched setose fins like 
the limbs of Crustacea. Disc as in Bdelloids, but not retractile. 
Foot represented by two subveutral toes, ciliated, inconstant or 
absent. Trophi malleoramate. Eyes two, latero-ventral, on the 
disc. Male (Fig. 107, 8) conical, with simple setae. 

Fam. 7. Pedalionidae : Palalion H. (Fig. 1 1 7), 1 * Hcxarthra Sclmiarda.- 


Order VI. Ploima. — Free - swimming forms, more rarely 
parasites, often adherent by their trophi to a host. Disc variable, 
often bearing within the cingulum a number of lobes fringed with 
coarse compound cilia. Foot rarely absent, marked off by a 
sharp constriction. Mastax variable, rarely malleoramate, never 
incudate or uncinate. Intestine not blind. Males small. 3 

Sub-Order A. Uloricata. — Ploima with a soft flexible integu- 
ment; disc variable; ciliated auricles sometimes present (Syn- 
chaetidae, Notommatidae) ; foot rarely absent ; trophi usually 
malleate. 


1 Seo Hudson in Month. Micr. Joum. vol. vi. 1871, pp. 121, 215, and Quart. 
Journ. Micr. Sci. (n.s.) xii. 1872, p. 333 ; Laukester, ibid. p. 338 ; Levauder in Ad. 
Soc. Faun. Fcnn. xi. 1894. 

8 In Dcnk. Ak. JFicn, voL vii. 1854, 2 Abth., p. 15. As has boon suggested by 
Deby and by Daday, it is not impossiblo that Hcxarthra is identical with Pedal ion 
(and iu Urn case the latter name, os newer, should bo suppressed in favour of the 
former) ; but wo must suppose that Schmarda’s figure of the front view is a com- 
bination, more or leas from memory or notes, of two sketches or notes taken some- 
time before publication ; the one a side view somowbat obliquely flattened, show- 
ing the two eyes as in Levander’s Fig. 3 ; the other a front view, showing the two 
pairs of lateral limbs in thoir correct jiositious under pressure. 

* Mr. Roussolet writes that the male of IUAno)>s vilrea is exceptional iu possess- 
ing a complete, functional alimentary canal, with mastax, stomach, aud iutestiue. 
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Fain. 8. Microcodonidae : Microcodon E., Microcodides Bergendal. 

Fam. 9. Rhinopidae: Rhinops H. 

Fain. 1 0. Hydatinidae : Hydatina E. (Fig. 1 06), Xotops H n Hudsonclla Zaeb., 
Cyrtonia Rouss. 

Fam. 11. Synchaetidac : SyncJuuta E. 

Fam. 1 2. Notonnnatidae : Notommata E., Plcnrotrocha E., Coj>cus G., Proalcs 
G., Furcularia G., J Eosjjhora G., Triophthalmus E., Uiglent t E. 
(Fig. 113;, Distemma E., Triphylus E., Tuphrocampa G., 
Albertia Dnj., Balatro Clap. 

Fam. 13. Drilophagidae : Drilophagus Vejdovsky. 

Fam. 1 4. Triarthridae : Triarthra E., Polyarthra E., Ptcroe&sa G., Pedctcs G. 
To this group belongs the eyeless Hydatina , a classical object 


Fic. 1 1 7. — Pedal ion 
mi rum , female. 

(After Htidson.) A, 
Ventral view ; B, 
side view. a $ Median 
antenna ; al , antero- 
lateral liinb ; mi, 
anus ; ci> cingulum ; 
dl % ilorso-median 
limb ; e, eye ; /, cili- 
ated pedal processes ; 
/, lip ; wi, mouth ; pl f 
postero-lateral limb ; 
lr % trochus ; ven- 
tro-median limb. 


of study, common in greenish pools, whose male was the first 
male liotifer to be figured by Ehrenberg (1838), though he clid 
not recognise its nature, and gave it the name of Lntcroploca 
hydatina. Rhinops has the back of the corona curiously pro- 
longed forwards into a sort of proboscis bearing two eyes. Some 
species of Notommata and Proalcs are distinctly annulated ; m 
Tuphrocampa the segmentation is so marked as to give the appear- 
ance of mesenteric septa extending inwards from the body-wall to 
the intestine. Microcodon has a wreath which is very peculiar 
in its extreme simplicity, with the mouth nearly central, and the 
eye lying just dorsal to the mouth. The Triarthridae, which 
resemble° the Scirtopoda in having strong leaping spines fringed 
by fine bristles, should perhaps be placed in the next sub-Order. 

Sub-Order B. Loricata. — Tloima with a firm elastic cuticle 
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of definite form, persistent after death, continuous, or divided by 
thinner strips into plates or shields, which again may be areolated. 
The cuticle may also be shagreened or embossed in various ways. 

Fam. 15. Rattulidae : Rattulus E., Mastigoeerca E., Coelopus G., Diurella (?) 
Eyfurth. 

Fain. 16. Dinocharididae : Dinoeharis Scaridium E., StepJianops E. 

Fam. 17. Salpinidae : Salpina E., Diaschiza G., Ploesoma Herrick, Diplax 
G., Diplois G. 

Fam. 18. Enchlanididae : Euchlanis E., Dapidia G., Apodoiiles Joseph. 

Fam. 19. Cathypnidae : Cathypna G., Distyla Eckstein, Monostylu E. 

Fam. 20. Coluridae : Colurus E., Mctopidia E., Monura E., Mytiliu G., 
Cochleare G., Dispinthera G. 

Fam. 21. Pterodinidae : Pterodxna E., Pompholyx G. 

Fam. 22. Brachioaidae : Brachionns E., Noteus K, Schizocerca Daday. 

Fam. 23. Anuraeidae : Anuraea E., Noiholca G., Erttmia G. 

The group includes a number of very minute forms, besides 
others conspicuous both for size and beauty. A soft dorsal flap 
above the head occurs in Stephanops ; also in Coluridae, a large 
family of minute species, where the flap is movable, and looks 
in profile like a hook overhanging the forehead. The genus 
Pterodina, like Pcdcdion and Triarthra, combines a Bdelloid disc 
with malleoramate trophi, while its exsertile wrinkled foot ends 
in a ciliated cup like that of a larval tubicolous species. 

Brachionus, a large, often flat, transparent form, with a long 
wrinkled foot, is a very common genus, known to the earlier 
observers, and repeatedly figured by them. Pompholyx has a sack- 
like lorica, no foot, and carries its immense egg suspended by an 
elastic thread from the cloaca. The Anuraeidae lack the foot, 
and often have great spines or bristles projecting from the lorica, 
which no doubt facilitate floating. They are abundant in the 
“plankton ” or floating fauna of large lakes far from the shore. 
Many marine species belong to this family. 

Order VII. Seisonaceae. — Marine Rotifers parasitic on the 
Crustacean Nehalia ; males resembling the females. Body 
elongated, with a slender retractile neck, a much reduced disc, an 
elongated foot with a terminal perforated disc as in Callidina . 
Trophi virgate exsertile. Geuito-urinary cloaca opening at the 
base of the neck in the male, at the hinder end of the body in 
the female. Intestine complete (Seison) or blind ( Paraseison ).‘ 

‘ For a ful1 account of this group see Claus ia Festschr. Z.-B. Gts. Wien, 1876, 
p. 75 ; and Plate ip Mt. Slat. Xeapel, vol. vii. 1886-87, p. 234 ; Ann. .Vat. Hist. 
ser. 6, voL ii., 1888, p. 86. 

VOL. n 
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Fam. 24. Seisonidae : Seison Grube ; Paraseison Plate; Saccobdella Van 
Beneden and Hesse. 

Habits. — The habitat of Rotifers is well known to the student 
of pond life. Every dip from a greenish pool will give us a 
supply, if there be not an excessive contamination by manure ; 
and such pools give us some of the largest and most beautiful 
forms, such as Hydatina and Brachionus, sw immi ng about among 
the fibrous Algae and feeding on the organic debris among them. 
Almost any organic infusions freely exposed to the open air will 
yield Ploima shortly after the active putrefaction is completed. 
The finer water- weeds yield most of the beautiful tubicolous 
forms. A whole group of species and genera are quasi-pelagic 
in fresh and salt water, constituting a large proportion of the 
“ plankton ” or floating life near the surface ; and some of these 
are found in deep water or in the depths of the lakes. Among 
them are the Asplanchnidae, Triarthridae, and Anuraeidae. A 
number of Loricates, such as Notholca and Eretuiia, are armed 
with long spines, which doubtless rendei floating easier. 

Among tubicolous forms Conochilus volvox and lacinvlaria 
racetnovata have this pelagic habit, forming floating globular or 
ovoid colonies, and two species of Floscidaria also float freely in 
their tubes. 

The following forms occur in salt or brackish water, those 
marked with an asterisk (*) also occurring in fresh water: 

Flo8cularia campanulata.* Melicerta tubicolaria* Rotifer ctJnViui. 
Discopus synaptae. Synchaeta baltica, S. monopug , S. apus, S. tremula, 
longipes, S. tavina. Asplanchna girodi* Asplanchnopus synngoides. 
Hexarthra polyptera. Notommata naias , N. reinhardti. Proales dtctpieru. 
Fnrcularia forficula* F. gracilis, F. reinhardti, F. marina. , F. neapolUana. 
Dig Una catellina* D. suilla, D.putrida. PUurotrocha Uptura. Distemma raptor, 
D. marinum, D. platyceps* Bothriocerca longicauda. Polyarthra platyptera. 
Triarthra longiscta* RaUulus calyptus. Diurella marina, D. brevtdactylus, 
D. brevis. Diaschiza fretalis. Euchlanis luna. Monostyla quadridsntata, M. 
lunaris. Colurus amblytelus, C. uncinatus,* C. dactylotus, C. coeloptnus, t.p » 
C. rotundatus, C. truncatus, C. caudatus* Mylilia tavina. PUrodina clypmUu 
Brachionus bakeri* B. miilUri. A nuraea valga* A. biremts* A. acuUata, A. 
tecta* A. cochUaris* Notholca striata* N. scapha* N. thalassia, N.epi™} 
y inermis, N. jugosa, N. rhomboidea. Seison grubet, S. annulatus. ar 
asplanchnus, P. nudus, P. proboscideus, P. ciliatus. Discobdella nebaltae. 

Thus about seventy species are recorded as marine. Synchaeta 
baltica is truly pelagic, and contributes to the phosphorescence 

of the oceun. 
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Other forms again are parasitic. Proales werncckii is found 
in Vaucheria , a coarse, dark green, thread-like Alga found in fresh 
water; and the closely allied P.parasita is not uncommon in the 
beautiful floating green spheres of Volvox. 1 Albcrtia, Drilo- 
pliagus, and Balatro are parasitic on or in fresh-water Oligochaetes ; 
the curious Seisonaceae are parasitic on Nebalia, a small Crusta- 
cean easily obtained in masses of whelk’s eggs ; the aberrant 
Bdelloid Discopus attaches itself to the surface of the Holo- 
thurian Synapta. Similarly among this last Order Callidina 
paralitica attaches itself to the limbs of the fresh-water Crustacea 
Gammarus and Asellus. These are rather commensals than true 
parasites. The species of Brachionus often attach themselves 
temporarily to the common water-flea Daphnia. 

Besides a few Ploima, the vast majority of the Bdelloids live 
in or among mosses and their roots. Many Callidina inhabit 
cup-like hollows in the leaves of the scale mosses (Jungerman- 
niaceae), especially of the genus Frullania. Almost all the 
members of this Order are susceptible of desiccation and revival ; 
certain species, such as Rotifer vulgaris, Pliilodina roseola, 
Adineta vaga, etc., can be readily obtained by moistening gutter 
dust. The mechanism of the process is as follows : when desicca- 
tion is gradual the animals close up their telescopic bodies and 
excrete gelatinous plugs at either end, which effectually seal 
them against further drying; if, however, they be dried on a 
slide without any debris, the process is too rapid for them to 
protect themselves, and they therefore die. This was dimly seen 
by others, and clearly demonstrated by H. Davis, 2 who records 

P;^r mg T rUnent : ~ The ReV * E - J - HoUowa y- ^ving found 
Philodina roseola in gutters, placed strips of paper there in the 

rainy season, and succeeded in obtaining clean gatherings takina 

a h hm,dr f ‘T her ' a 

andT'the bemg f glued 10 0ne ™stly in one plane 

Uon T" / 0rnUD8 a P avement 1“ the dry condi- 

y resist extremes of temperature; thus Zeliuka found 

'zzzznz r ia ,he ° r 

of completely telescoping its extremiti n * ^ ** 13 remar ^ablo for its power 
immense foot^landa.Zh and 

Kouaselet identifies it d ° Ultle8S COrMkted ** habitat 

ii. 18^80,’ V ° L 1873, 287 ; Journ - QueJxtt Club, ser. 2, vol. 
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Callidina revive after an exposure of — 20° C. ( 4° F. or 36° of 

frost), and immersion in hot water at 70° C. (158° F.). They will 
also resist deprivation of air in a vacuum of an ordinary air-pump, 
but not the all but perfect exhaustion of the Sprengel pump. 

A very curious fact in relation to this Class is that often 
when a new form is once described from a single locality, fresh 
and widely distant stations for it rapidly become known. 1 * Thus 
Pedalion mirum, first found at Clifton in 1872 by Hudson, was 
a few years after captured in a small pool above tide-marks on a 
rocky islet in Torres Straits. Since then it has been recorded 
from many different European stations, and a second closely allied 
species has been found in Finland. So a species of Ehrenberg’s 2 
was not seen again till within the last decade or so ; but since 
then it has been independently found and described by six 
observers, who have given it as many distinct generic names. 
In the case of Pedalion it may well be that, as Hudson suggests, 
the species is of southern origin and has followed the flag, the 
winter egg being conveyed in dust by ships or travellers. 

The above account of the habits gives the key to the collec- 
tion of the various forms. The weed-loving species are collected 
with the weeds, and will keep with these in vessels if screened 
from direct sunlight and protected against dust. The free- 
swimming forms may be collected by sweeping with a net of 
fine gauze, with a bottle fixed in the bottom. 

Except for their power of resisting desiccation, Rotifera are 
not very long-lived, and the males are especially short-lived ; the 
most exact observations are those of Maupas on Hydatina. He 
found that the greatest age of the unfertilised female was 
thirteen days, during which it could produce some fifty eggs ; the 
fertilised female lives for seven or eight days, producing about 
sixteen eggs ; while the male dies in two or three days. 

The preservation of Rotifers has been recently reduced to a 
fine art by Rousselet, who uses a solution consisting of cocaine 
hydrochlorate, 1 gramme; water, 50 cc. ; and methylated spirit, 
12 cc. This will keep without deterioration. When in use it 

1 See Dr. Hudson's very suggestive presidential addresses to the Royal Micro- 
scopical Society, published in their Journal, vols. ix.-xi. 1889-91. 

* Euchlani $ lynuus.— This is clearly not an Euchlanis , and of the six names 
referred to —Ploesoma, Gomphoyastcr, Oastropus , Oastroschiza Bipalpus and 
Didyoderma — the first has priority, and the other five drop by the laws of zoolo- 
gical nomenclature. 
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must be diluted in the proportion of two volumes to three of 
water. This solution is added cautiously to the capsule in which 
the Kotifers lie, and they are watched till their ciliary motions 
slacken ; when this happens a drop or two of osmic acid solution 
(£ to 1 per cent) is added ; the Rotifers are then sucked up by a 
capillary pipette, and transferred to fresh water ; and then into a 
solution of “ Formaline ” diluted to contain 2^ per cent of formic 
aldehyde. In this solution they are transferred to shallow cells, 
ground out of the centre of an ordinary glass slide, covered with thin 
glass, and sealed. 1 Other methods of preparing Rotifers for minute 
study will be found in the papers of Plate, Tessin, and Zelinka. 

The zoological affinities of the Rotifers have long been a 
subject of keen interest. As early as 1851 Huxley 2 suggested 
that they represent a primitive form, preserved, with modifica- 
tions, in the larva of Molluscs, Annelids and other worms, and 
Echinoderms. Similar views were later maintained by Lan- 
kester, 3 who termed the larva of Polychaets, etc., a “ trocho- 
sphere,” for which “ trochophore ” has been substituted in order 
to avoid confusion with the Rotifer Trochosphaera ; Balfour, 4 
Hatschek, 5 Kleinenberg, 0 and others have developed these views. 
Serious difficulties, however, arise in the detailed comparison 
of Rotifers with this type ; and the special students of this Class 
have found it practically impossible to agree in the identification 
of the various parts, a difficulty especially felt in the case of the 
Rotiferan genus Trochosphaera, though this is just the one which 
presents the closest superficial resemblance to the Trochophore 
larva. I have been induced to take a view of the structure of 
Rotifers that brings it into close relationship with the lower 
Platyhelminthes, and with the more primitive larva of the 
Nemertinea termed Pilidium (Fig. 60, p. 113). This is hemi- 
spherical, ciliated all over, with the mouth in a ventral funnel 
lined by fine cilia ; while the edge is fringed with two rows of 


1 Joum. Quekett Club, ser. 2, vol. v. 1892-94, p. 205. 

th* ^ *’ 1853, v ‘ 18 (read Dec - 31 » 1851): “Wo may sav, 

ar ? ° rgani20d U P° D the of an Annelid larva. . . Ido 

• • • that ^ Rotifcra are the permanent forms 

f { m PoWni Wu7^1? n i ll ? d th<5 331110 relati ° n ^ th ° EcMnodenn; that tho Hydri- 

^SSTjZZL S? * T 6 ’ ° r that l-lds to tho Ascidions." 

, Q ™ rl \ Sex. (n.s.) vol. xvii. 1877, p. 899. 

Ibid, (n.s.) vol. xx. 1880, p. 883. 

• , Ui - V - 18?8 ‘ 84 1 Lchrbuchdcr Zoologic, part iii. 1891. 

tcxlschr. unsa. Zool. vol. xliv. 1886, p. 1 . 
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strong cilia, separated by a finely ciliated groove, like those of 
the ciliary wreath of a Rotifer. The sides are produced on 
either side into lappets, which we do not take into account. A 
cup-shaped depression at the apical pole is lined by sense-cells, 
bearing long cilia which are probably sensory. A ring of nerve- 
cells passes within the ciliated rim of the hemisphere, and the 
stomach is a blind sac. If we compare this organism with a 
Rotifer, we find that the wreath corresponds in both, the funnel 







Fig. 118. — Diagram explaining the 
possible relations of Rotifers. A, 
Pilidium; B, hypothetical Rotifer 
modified from Asplanchnopus ; C, 
a Ploimal Rotifer ; D, Trochosphaem 
aequatorialis (modified from Semper, 
the ovary having been transferred 
from the posterior to the anterior 
ventral quadrant) ; E, Mollusc larva 
(Veliger) ; F, Trochophore larva of 
Annelid. a, Anus ; ap, apical 
organ ; at, median antenna (ne*r 
which, in B, is a black spot, the 
brain) ; bl, bladder (receiving the 
ramified kidney in B, C, and D) ; br, 
brain ; /, foot ; fg, cement-glands 
replacing apical organ ; g, ovary , 
k, kidney ; m, mouth ; n, supra- 
oesophageal ganglion ; nap, nerve 
of apical organ ; nr, nerve-nng in 
section; pot, prworal portion o f 
trochus ; s.g, shell-gland ; a.n, nub- 
oesophageal ganglion ; U trochus or 

ciliary wreath ; tt, posterior cibated 
ring ; r, velum, or expanded prae- 
oral part of trochus. 


of the disc in such forms as Flosculariidae and Microcodon lead- 
ing to the mouth of Pilidium, while the gut is blind in Asplancn- 
nidae and in some of the highly developed Seisomdae. 
circular nerve-ring of Pilidium is in many Rotifers only repre- 
sented by its anterior part, the brain ; though in Bdelloids a s 
oesophageal ganglion completes the ring. This leaves a 
with regard to the apical sense organ ; but it is easy to unde 
that an organ of sensation should become an organ of fixation, 
this case the foot with its glands would correspond to the 
organ of the Trochophore larva; and it retains its prinutive dbatea 
character in the larvae and males of many Eotifera , and the adu t 
female of Pterodina and Callidina Utraodon. 1 Embryology tells 
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us that the anus of Rotifers cannot be homologous with that of 
Annelids, etc., for it is formed outside the area of the blastopore : 
it is an independent formation, probably due to the coalescence of 
the originally blind intestine at its extremity with the earlier 
genito-urinary cloaca. On this view we must, change the orienta- 
tion of the Rotifer, and place it, like a Cuttlefish, mouth down- 
wards: for “anterior and posterior” we must substitute oral (or 
basal) and apical ; for “ dorsal ” and “ ventral ” we must use 
anterior and posterior ; while “ right ” and “ left ” are unchanged. 
And this correctly expresses the actual space-relations in those 
Ploiraa like Rattidus that swim with their disc in contact with 
the organic debris on which they feed, with the foot turned out- 
wards and backwards. As these views are now published for the 
first time, I have thought it wiser to keep to the accepted rela- 
tions in the general description, a course which has the advantage 
of avoiding difficulties in the study of the literature of the Class. 

The supposed resemblance of Pedalion to the Crustacea is 
probably the result of convergence, not of consanguinity. The 
Polyzoa are a group of freely-budding organisms whose structure 
otherwise recalls in many respects that of the attached Rotifers ; 
but a close investigation reveals so many differences in structure, 
orientation, and development, that we cannot regard the two 
groups as at all closely allied. 

Thus the Rotifers may be regarded as a group apart, but prob- 
ably representing an early offshoot from a free-swimming Platy- 
helminth, probably a Rhabdocoele ; the modifications being the 
loss of the general ciliation of the surface, the arching of the 
back into an elongated vault, the conversion of the inner half of 
the pharynx into a gizzard, the change of position of the genital 
and urinary apertures to the antero- dorsal surface, and the 
opening of the iutestine into the genito-urinary cloaca. 

Gastrotricha. 

This small and very homogeneous group consists of minute 
fresh-water organisms, closely resembling many Ciliate Infusoria 

- 11 a ^ m ® vemen ^ s * babit and habitat. They were first described 
m detail by Ehrenberg, and placed by him and Dujardin in 
the neighbourhood of Rotifers. In recent years A. C. Stokes » 

1 The Microscope (Detroit), 1887-88. 
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in America and C. Zelinka 1 in Germany have contributed, the 
former a careful description of a number of new species and their 
habits, the latter a complete monograph of everything that is 
known of the Order. 

The Gastrotricha dwell among filamentous Algae and organic 
debris, and are of frequent occurrence with Protozoa and Rotifera 
of similar habit. The largest known measures only 400 /x 
in.) in length, and the smallest run as low as 74 p in.). 



Fig. 119. — Gostrotriclift. (From Zelinka.) A, Chadonolus bogdanovu, side view after 
Schimke witch) ; B. Oossea anlcnnigtr (alter Gosse) ; C, Dasyddts ffom. <Uh rue { 
Gosse) ; D. Dasyddts saltUans (after Stokes) ; E, D. longisdosuui (after Metechm 
koff) ; F, Chadonotiis spinulosus (after Stokes) ; G, Chadonolus (after Gosse 

and Butschli). (Magnified.) B-F, x about 390 ; G, x about 1-5. 


We shall follow Zelinka in his description of the common 
species Chaetonotus larus as a type. The body is neatly circu ar 
in section, flattened a little on the ventral side. The apertures 
are the terminal mouth ; the anus, nearly terminal and slightly 
dorsal ; the two kidney openings, ventral, nearly half-way own 
the trunk ; besides the pore of a cement-gland on either terminal 
process. The short ventral and post-anal portion of the trunk 
with its processes therefore corresponds to the foot of a Kotiter. 
The integument of the body is a thin nucleated hypoderm, not 

* Zeitschr. xciss. Zool. xlix. 1890, p. 209. 
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distinctly divided into cells, covered by a chitinised cuticle ; it 
bears cilia, sensory hairs, and peculiar scale-like processes, some- 
times produced into long bristles. 

The cilia are chiefly arranged in two ventral bands, each 
extending nearly the whole length of the body, and composed of 
a series of transverse rows of single cilia ; along these bands the 
hypoderm is thickened and more richly nucleated. The sides of 
the head also bear numerous long cilia. 

The scales are hollow processes of the cuticle overlapping 
from before backwards. A ventral row lies between the ciliary 
bands ; two series of alternating dorsal rows lie on the back and 
sides of the animal, and in the hirsute species it is these that 
are produced backward into bristles. A single large scale, the 
“ frontal shield,” protects the head above and behind, but does not 
extend down to the ventral surface. On either side of the head 
is a pair of flattened oval areas, the “ lateral fields.” From between 


these on either side springs a tuft of motile sensory hairs. Two 
pairs of similar tufts arise dorsally on the front margin of the frontal 
shield, and a fourth pair spring from the ventral surface a little 
behind the mouth. These hairs are distinguished from ordinary 
cilia by their length, and their insertion on large nucleated cells 
receiving nerves ; two pairs of similar hairs lie farther back on 
the dorsal surface, one in the front of the neck, one near the 
base of the pedal processes. 


The muscles lie some in the body-wall, and some traverse 

the body-cavity ; only six pairs occur, simple, unstriated, and 

longitudinal. There are neither transverse nor circular muscles. 

The alimentary canal is very simple and nearly straight 

from mouth to anus; it may be divided into pharynx, gullet, 

stomach, and rectum. The mouth is circular, and looks forwards 

and a little downwards. From the mouth opens the pharynx, 

a short chitinous tube, capable of eversion by being pushed 

forwards by the gullet ; it bears half-way down a circlet of 

curved hooks, which open out when it is everted ; within these 
are tooth-like thickenings. 

,1 '^ U y' ™ SOpl ! tti ’ U9 ° r gullet is thick and muscular, extending 
through the whole of the neck of the animal ; its cavity, as well 

w Tu the pha, 7 nx ' i8 tri ^iate like a leech-bite, 

into a fi 6 t ^ t * le act ‘ 0n °i the muscular walls, inserted 
mto a firm external cuticle ; the internal wall is also cuticulised. 
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not ciliated as in Rotifers. The hinder end of the gullet is 
produced into a short, wide, membranous funnel projecting freely 
into the midgut or stomach. The latter is elongated and oval, 
composed of four rows of hexagonal cells, with large nuclei. 
This is separated by a distinct constriction or sphincter from the 
short pear-shaped rectum, which opens by a minute anus on the 
back just in front of the pedal processes. 

The food is chiefly organic debris ; but Gastrotricha have been 
seen to attack large Infusoria by nibbling, and to swallow the 
protoplasm jis it exudes from the wound in their prey. 

The nervous system is chiefly composed of the large brain, 
a ganglion lying like a saddle above and on the sides of the 
gullet, and in direct continuity with the nerve -cells of the 
cephalic sense-hairs. A pair of dorsal nerve-trunks extend along 
the whole length of the gullet. The sense-hairs described with 
the general integument may be organs of external taste (“ smell ) 
or of touch. Eyes have been described in several species ; and 
though Zelinka has failed to verify this, I have myself seen a 
pair of minute red eyes in the back of the head of an animal 
(probably a Chaetonotus), whose hasty escape into a mass of 
ddbris prevented my determining its species. 

The kidneys are paired tubes lying at the sides of the front 
of the stomach, and sending a simple loop into the neck. Each 
tube is much convoluted, and ends at the one extremity in a long 
“ flame-cell,” like that of a Rotifer much drawn out, and at the 
other by a minute pore on the outer side of the ventral row of scales. 

Reproductive Organs. — Only the female is with certainty 
known to occur; and the eggs, though recalling in their thic 
ornamented shell the fertilised winter eggs of Rotifers, are 
probably unfertilised and parthenogenetic like the summer eggs. 
The ovaries are two minute patches of cells lying at the junction 
of the stomach and rectum. The eggs, as they mature and 
enlarge, press against the side and back of the stomach, where 
they attain a length of one-third to one-half that of the mother. 
The extrusion of the egg has not been observed; but it is 
laid in the angles of weeds, the moulted shells of Entomostraca, 
etc., where its development may be studied. The sculpture of 
the shell serves to anchor it if laid among weeds. When hatched 
the head, trunk, and pedal processes are of the full adult size, 
all subsequent growth being limited to the neck. 
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The function of testis has been ascribed by Ludwig to a 
minute granular organ between the ovaries above the rectum ; if 
this view be correct the Gastrotricha are hermaphrodite. 

The movements of the Gastrotricha are very elegant, recalling 
those of the long- necked Ciliate Infusoria, like Ampkileptus, 
Lacrymaria, etc., with the characteristic exception that they 
always swim forwards ; the grace of their movements being due 
to the bending of the head and neck on the body. Those which 
are provided with long motile bristles like Dasydetes, alternate 
their gliding with leaps, like the springing Eotifers. 

The Gastrotricha are divided into two sub-Orders — EuiCHTHY- 
dina, with two pedal appendages, containing the genera Ichtliy- 
dium Ehr., Lepidoderma ZeL, Chaetonotus Ehr., and Chaetura 
Metsch. ; and the Apodina, with no pedal appendages, com- 
prising Dasydetes G. and Gossea ZeL 

Their geographical distribution, like that of most microscopic 
fresh-water organisms, is cosmopolitan. Few observers have 
enumerated the members of this group ; of their extra-temperate 
occurrence we have only the single observations of Ehrenberg, 
Schmarda, and Yoeltzkow for Nubia, Ceylon, and Madagascar 
respectively. 


Of the thirty-two species described, twelve are recorded by 
A. C. Stokes from Maine and New Jersey only, besides five 
others that occur also in Europe. In Europe nineteen species 
are recorded, one of which, Ichthydium podura, has also been 
found in Nubia and Ceylon. One species, Chaetonotus tabulatus 
Schmarda, has been recorded by its author from Colombia (in 
South America). As of the nineteen European species only 
seven have been recorded as British, we may expect to find that 
carefui study ^ will well repay the student in these islands. 

the affinities of this group are probably with the Turbel- 

rn 8 K?V he , Nematodea ; th *7 differ from the former in 
the highly developed alimentary canal, and from the latter in 

e possession of the ciliated ventral bands and wreath The 

nszrt °i the ak “' the 5 ^ 

the “l 7 Z al ' the " ° Pening “ f 

X he 

ancestral group than to any” iving Xdt a^deettu'tc 
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of cilia. To the Rotifers the affinity, dwelt on by Zelinka, is 
less close. 


Kinorhyncha. 


This Class and Order comprises but one genus, Echinoderea 
(Fig. 120), founded in 1851 by Dujardin. 1 Reinhard’s mono- 
graph 2 is the generally accepted authority on this subject, and 
contains a full bibliography, with diagnoses of the individual 
species, eighteen in number. 

The animals of this group are found in shallow seas with 
muddy bottom, below low -water mark, and feed on organic 

debris. They have been 
taken in the Black Sea, 
Mediterranean, British 
Channel, and North Sea, 
and off the Canary 
Islands (Lanzarotc, 
Porto Pi, Palma di 
Mallorca). Their size 
varies from 0'86 mm. 
X 0-22 mm. in Echino- 
deres spinosus, to 014 
mm. X 0 0 3 mm. in E. 
kowalevskii. 3 

The body is pro- 
tected by a strong chit- 

Fio. 120 .— Echinoderta sp., drawn from a preserved • outicle distinctly 

specimen taken at Worthing. x about 210. b , if in a 

Bristle ; r.s , caudal spine ; pK pharynx ; s and a\ annulate Cl, IO rilling 
tile spines on the two segments of the proboscis ; i rin^S besides a 

s./j t salivary glands ; st , stomach. ° 9 , • 

7 b retractile proboscis 

obscurely divided into two segments at the apex of which the 
mouth opens. The anus opens on the extreme end of the last 
segment, which is frequently retracted ; the genital pores open 
right and left of the anus ; and the renal pores lie on either side 
of the back of the ninth segment. The first ring may be un- 
divided, or else distinctly divided into four plates, one dorsal, 

' Ann. Sci. Nat. ser. 3, vol. xv. 1851, p. 158. 

3 Zcilbchr. w iss. Zool. vol. xlv. 1887, pp. 401-467, t. **-»“• 

3 Tliu breadth of the latter » estimated from Rcinliard s figur . 
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two latero-ventral, and one ventral. In the remaining segments 
each ring has only three plates, one dorsal and two ventral, the 
two latter being sometimes more or less fused in the last or ventral 


segment. These plates all overlap from before backwards. 

As the name Echinodcres implies (Thorn-skin), the cuticle 
is produced into points, bristles, or spines. The last segment 
frequently bears a large pair of these, which have been compared, 
on the flimsiest grounds, with the furcal processes of Crustacea 
and the perforated toes of Rotifers and Gastrotricha. 

The proboscis when extruded has the form of a truncated 
cone, obscurely divided into two segments, a ring of strong spines 
marking the boundary between them, and a second double ring 
of spines surrounding the apex. The eversion is of the type 
termed by Lankester pleurembolic or acrecbolic, the sides being 
first withdrawn, the apex first extruded 


As in so many Invertebrata, the epidermis is not separated 
by boundaries into distinct cells. This layer sends out processes 
each of which lies in a hollow in the thick cuticle, and perforates 
it to end in a fine bristle. Minute orange pigment -granules 
occur at irregular intervals in this hypoderm. 

The muscles of Echinoderes are simple smooth bands. 
Numerous bands lie within and attached to the body- wall, extend- 
ing its whole length ; paired dorsi-ventral muscles separate the 
intestine from the reproductive organ on either side, and a 
complex system effect the movements of the proboscis. 

leadrWn nta f y , C ?f al '~~ The P ° re at the fci P of th e proboscis 
Zt Z y Sh “ r ! ; . tlnn -"' alled ‘ ube . which is rarely evaginated : 

of the ]» W a* Pr ° jeCtS the 8h0rt bluntI )' ™ nical a P« 
by eSvT, “T 111 " Phnrj -“ X < 0r 6 ,lIlet 0 i ‘>>is is lined 
Btronv cnti 1 ° nu<deated protoplasm, which secretes a 

in fc 1 T i he stomach is a wide tube, somewhat dilated 
“ “ “ g “ en j t betw «® the paired dorsi-ventral muscles, and 

t0 end ia the “>™inal anus. Four minute 
t ands open at the junction of the pharynx and stomach. 

are a P air of bU " d pear-shaped sacs, 

in tl « d » . ( he ° nl5, ca8e of ciUatiou in Echuwd'L), lying 

left n 1 l. ^Ipnent, and opening by the taper ends right and 
left on the back of the ninth segment. 

li< QIH <1 1 1 1 • All that has been clearly defined of this 

swa ram or ganglion lying dorsally at the junction of the 
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pharynx and stomach. From two to eight eye-spots have been 
described by earlier writers, but Keinhard was unable to find 
them in the (distinct) species which he principally worked at, 
though he noted their existence in the solitary specimen of the 
original species, E. dujardini, which he obtained. 

Reproductive Organs. — The sexes are distinct. The repro- 
ductive glands form a pair of tubular sacs, opening ventrally on 
either side of the anus, and extending forwards beside the gut as 
far forwards as the fifth to the second segment in the male, but 
only to the fourth at furthest in the female. The ova are large 
nucleated cells embedded in the protoplasmic lining of the 
ovarian sac, and acquiring a distinct shell as they approach its 
opening. Three-quarters of the testis sac is occupied with 
granular protoplasm containing a quantity of small nuclei ; the 
lower part alone contains mature spermatozoa. Adjoining each 
external opening in the male are a pair of short hollowed spines, 
which may perhaps serve as organs of copulation ; but nothing 
is really known of this process or of the development of the egg. 
It is almost certain, from the absence of developing eggs within 

Echinoderes, that the genus is not viviparous. 

From the foregoing description it is obvious that Echinoderes 

approaches the Nematoda very closely : the two mam points o 
difference are its ciliated kidneys and its bilaterally paired sexual 
organs. Possibly the study of such forms as Desmoscolex (J? ig- 
81 , p. 159 ) may reveal closer affinities. 



ARCHIANNELIDA, POLYCHAETA, 
AND MYZOSTOMARIA 

BY 

W. BLAXLAND BENHAM, D.Sc. (LoncL), Hon. MJl. (Oxon.) 



CHAPTER IX 


THE CHAETOPODOUS WORMS THE ARCHIANNELIDA ANATOMY OF 

NEREIS, AS TYPICAL OF THE POLYCHAETA 

Those animals which possess lateral bundles of bristles (techni- 
cally termed “ chaetae ”) for use in locomotion constitute the 
group of “ Bristle-worms,” or Chaetopoda. The body of these 
animals is made up of a preoral lobe or prostomium, and a number 
of more or less distinct segments following one another in a line, 
and repeating one another in their internal and external structure. 
The Chaetopoda embrace the following smaller groups or Orders : 
— I. Archiannelida, II. Polychaeta, III. Myzostomaria, IV. 
Oligochaeta. Th e^ Archianneli da, although without the charac- 
teristic chaetae, aKT yet anatomically so similar to the true 
Clnjftopoda that they must be included in the group, just as 
certain fishes are classed as “ Vertebrate, ” although they do not 
possess vertebrae. The old term Annelida is sometimes used to 
include the above-mentioned groups, together with the Gephyrea 1 
and the Hirudinea or leeches. 

Order I. Archiannelida. 

( The Archiannelida are very simple worms, but simplicity may 
be, and very frequently is, the result of degeneration ; and it is 
not always possible to determine whether a simple animal is 
primitively, i.c. ancestrally simple, or whether it is secondarily 
simplified. Hence the term Kaplodrili has been employed by 
rofessor Unkester as the name of the group ;)n term which does 
not prejudge the question as to whether or hot the worms are 

. ^5£E25r p - ,3,) * re <o b. 

VOL. II 
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“ primitive.” It is quite possible, and even probable, that Dino- 
p h it us is ancestrally simple ; whilst many features in Polygordius 
appear to be the result of simplification. For this reason it 
would be well to separate Dinophilus from the other two genera, 
on account of its much less elaborate and more generalised struc- 
ture, — so generalised, in fact, that the worm is by some authorities 
placed amongst the Planarians ; for the present, however, the 



Fio. 121. — Dinophilus iaeni - 
at us. (From Harmer.) The 
left figure represents the 
dorsal surface of a young 
individual, x 76 ; the 
mouth and alimentary tract 
are seen by transparency : 
p , prostomium, with two 
bands of cilia and a pair 
of eyes ; a , anus ; t, tail ; 
1 to 6, the segments with 
ciliated bands. The right 
figure shows the anatomy 
of the male, x 38 : 6, 
rectum,; c, body -cavity ; 
d , vas deferens ; m, 
muscular organ (pharynx) ; 
n', the first nephridium ; 
os, entrance to oesophagus ; 
p , penis ; *U intestine 
(stomach) ; s.z> seminal 
vesicle (6th nephridium). 


group Archiannelida may be regarded as containing three genera . 
Dinop hilus , Protodrilus r and P olyyordius } 

Dinophilus is represented on our coasts by at least two 
species : D. gig as Weldon 2 and D. taeniatus Harmer. 8 Tbe 
latter is about one-twelfth of an inch in length, bright orange in 
colour, and more or less abundant, at springtime, in the roc 
pools around Plymouth, where it may be found amongst green 
algae, or on the mud at the bottom of the pools. 

* Another worm, Histriobdella ( Histriodrilus ) homari, which is parasitic on the 
cms of the lobster, and which occurs on our coast, has been placed amongs 
Archiannelida. It is a minute form, with peculiarities in its anatomy which ren 

its affinities uncertain. 

2 Quart. J. Micr. Sci. xxvii. 1887, p. 109. 

3 J. Mar. Biol. Assoc, vol. i. (n.s.) 1889-90, p. 119. 
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The animal consists of a broad pr ostom ium, with a pair of 
eyes ; and of a body, distinctly constricted in immature speci- 
mens into five or six segments, followed by a short conical tail. 
There are neither ehaetae nor tentacles; locomotion is chiefly 
effected by means of the bands of cilia which encircle the body 
in a regular fashion, two bands round the head, and two round 
each segment in D. taeniatus ; in some species there is only a 
single band on each segment The whole of the ventral surface 

is qg vgrcd with cilia, by the aid of which the animal probably 
“ creeps ” along the weeds. 

The_aU^ntar^ canaHs straight, and divisible into the regions 
shown m Fig. 121; a muscular protrusible organ, which is a 
ventral outgrowth of the foregut, is employed as a “sucker.” 
lhe coelom is more or less o bliterated (or ill "developed! The 
excr^tory^iystem in the genus is varied : in some species, as in 
D.gigas, it is stated to be constructed on the Pj anarian plan- in 

the ° rgan8 are definite nephridi a. ^ Of 

as asermn^eT coated Tube Zkf 

consists of a brain in the prostomium Z epidermis, 

body, a ventraTcord with side of the 

commissures in as many segmented ’ M hj transv erse 

h?w a ever; f ^ ° f 

the male the of the body-cavity; in 

vesicles, with a median evereible ,LT ° f f* palr of '“'“oal 

paired ovaries cnmmunijevrith femaIe 

spermatheca. median sac which serves as a 

larval PolychJete^th^ T^i.!^l WOnn itsdf k more like a 
extremely interesting form and ^b«^ Z^' lHno P hilus is an 
still possessing certain PUnarian oh 1 f Gn SUg8e8te d that, while 
upon as closely resembW th T characten8ti <*> it may be looked 
poda have arisen g h anceator &om which the Chaeto- 

1 Schimkewitach. „ 

* ZtU$ehr f- "fm. tool. lfx. 1895, p. 48. 
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Protodrilvs_ and Polygordins are distinctly Annelidan in 
cha.Tacterr 'Protodrilvs 1 is found in the mud of the “ Pantano,” 
an inlet of the sea near Messina; whilst of Polygordius- one 
species at least occurs on our shores, and several others in the 
Mediterranean and elsewhere. . Thfe^worins are cylindrical, with 
many segments, but these segmenteare~mriy-1n3iJtinctly marked 
externally — *-by girdles of cilia in Protodrilus, or by faint grooves 
in Poly gordiu s; but there are none of the characteristic Chaetopod 
bristles or chaetae. The small prostomium which overhangs 
the mouth is provided with a pair of ciliated pits, and carries a 
pair of tentacles, serving as sensory organs, which, in Protodrilus, 
are also respiratory. The anus is surrounded by glandular 
papillae in Polygordius, by means of which the animal can fix 
itself; these are represented in Protodrilus by a couple of processes. 

The nervous system lies entirely in the epidermis. The body- 
cavity is regularly segmented by transverse septa passing from the 
body-wall to the intestinal wall. The foregut presents a slight 
eversible portion in Polygordius, whilst in Protodrilus it hap 
a peculiar U-shaped muscular diverticulum on its ventral surface, 
corresponding with the similar apparatus in Dinophilus ; it is 
capable of eversion, and aids the worm in burrowing, as well as 
in seizing and swallowing the mud. The vascular system is re- 
presented by a dorsal and a ventral vessel, neither of which, how- 
ever, is contractile. In Protodrilus the. dorsaT vessel d ivides into_ 
two branches in the first segment, each of which passes to the tip_ 
of the tentacle, and returning, joins its fellow to form the ven- 
tral vessel. In some species of Polygoi'dius there is a pair of 
vessels connecting the dorsal and ventral vessels in every segment, 
but no vessel to the tentacle. 4 The blood is colourles s in some 
species of Polygordius, but may be yellow (P. neapolitanus), red 
(P. lacteus), or green (P. erythrophthalmus). Paired nepliridia, 
with distinct funnels, occur regularly throughout the body. / ^^' 
The sexes are separate in Polygordius, whilst Protodrilus is 
hermaphrodite, bearing ova in the first seven segments and 
testes in the remaining segments. The genital cells are produced 
from the body-wall in every segment ; their mode of discharge is 
unknown in the male Polygordius, though probably the nepliridia 

1 Hatschck, Arb. Zool. Inst. Wien, iii. 1881, p. 79. 

- Fraipont, “ Le Genre Polygordius,” Fauna u. .Flora des Golfes r. Neape', 
Monogr. xiv. 1887. 
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convey the spermatozoa to the exterior; but in the female the body- 
wall ruptures to allow the ova to escape, and then the animal dies. 
The development of Polygordius has been made the subject of 
very careful study ; the larva has long been known, and is a 
typical “ trochosphere " of rather a depressed form. This 
" trochosphere ” larva is of considerable importance, as it makes 
its appearance in sundry groups of animals in some form or 
another. Here, in Polygordius, it has the appearance of a couple 
of wide but low cones united together by their bases, which form 
the equator of the larva. This equator carries a double girdle 
of cilia, dividing the animal into a preoral and postoral region” . ‘ 
for the mouth is placed on one side of the animal between the two 
girdles, while the anus lies at the apex of the postoral cone, and 
is surrounded by another girdle of cilia. The alimentary canal is 
divisible into three regions ; it is separated from the body-wall by 
an extensive space, which contains cells destined to give rise to 
muscles and nephridia. A nervous system (apical plate) is present 
at the apex of the preoral cone. This little larva swims freely 
on the surface of the sea, moving, balancing, and feeding by 
means of the girdle of cilia. It soon increases in length by the 
active growth of the apex of the postoral cone, which becomes 
cylindrical and then segmented externally and internally. The 
greater part of the original larva remains of the same shape as 
before, and forms the head (prostomium and peristomium) : small 
tentacles grow out of the preoral lobe, and after a gradual 
reduction in the relative size of the “ head " by the growth of 

the segmented “ body,” the animal becomes worm-like and develops 
into a Polygordius} 


Order n. Polychaeta. 


Anatomy of Nereis. — In order to obtain a general idea of 
a Polychaete worm, it is well to study a concrete example, and 
lor this purpose the common Nereis serves excellently. Several 
species (see p 315) occur more or less commonly on our coasts, 
and the general remarks will apply to one as weU as to another. 

Nereis pclagtca Linnaeus reaches a length of 5 to 6 inches, and 
is about i inch across. It is convex above, nearly flat below. Its 


acLunt If ^7/^ 0,i *l’ l , £ieniC ' U(irV ^ ndon > 1891 * !'• ™ 7 > gives a fell 

account of the auatomy and development of Polygordius. 



246 


POLYCHAETA 


CHAP. 


B 


colour is brown or bronze. The worm, which is to be found in 
shallow water, is made up of a considerable number of rings or 

segments, constituting the “trunk” or “body,” 
terminated at each end 
by modified segments 
known as “ head ” and 
“tail” (Fig. 122). The 
segments composing the 
trunk are all alike, ex- 
cept for small propor- 
tional differences, and it 
will be convenient to 
describe a “ typical seg- 
ment ” before referring 
to the head or tail. 

A typical body seg- 
ment carries on each side 
a muscular lobed out- 
growth, bearing bundles 
of bristles or “ chaetae,” 
and filamentous sensory 
organs known as “ cirri.” 

To this lateral locomotor 

F 10 . 122 .— Nereis pdagica organ Huxley gave the 

L., natural size. (From name “ parapodium ” 

Ehler9 * (Fig. 124). Each para- 

podium or foot consists of a basal portion, 
supporting a dorsal and a ventral process, the 
"notopodium” (ntp) and “neuropodium ”(nrp) 
respectively, each of which is bilobed. The 
lobes are very vascular and glandular, and 
probably serve as respiratory organs or “gills.” 

The chaetae, or bristles, of each bundle 
project from the mouth of a great sac, the 
lips of which are particularly prominent in 
Nereis. Each chaeta arises from a single 
cell situated at the bottom of the sac. The 

chaetae of Nereis, as of many other Polychaetes, are of a kind 
usually termed compound or “jointed ” each being composed of a 
lon<' stalk and a small “ appendix ” articulated in a cup at its 




Fig. 123. — Chaetae of 
Nereis ; enlarged. A, 
from ueuropodium ; B, 
from notopodium of N. 
diversicolor ; C, swim- 
ming chaeta of Hetero- 
nereid stage of A. 
d umer iliu 



IX 


CHAETAE OF NEREIS 


24 7 


extremity (Fig. 123). The shape of the cup varies; it is in 
some cases of equal height all round, or it is higher on one side 
than on the other. Further, the appendix may be short and^ 
curved, or more elongate and spear-like ; it is generally notched 
or finely toothed on one side. 

In addition to these projecting locomotor chaetae, there is 
embedded in each of the two chaetigerous lobes a much stouter 


inl.cap'\'K e 


ej> 


ntp.lig 


ch .1. 


cir , 

'' d.Iong 
'1 ciL.org 



nrp^lig 

, , . ' v.cir 

v . long V y e obi neph ner 

Fig. 124. — Nereis. Somewhat diagrammatic transverse section through the body. On the 
left the chief constituents of the vascular system are represented ; on the right side 
the chaetae and their muscles, as well as the distribution of the lateral nerve etc 
are shown ac, aciculum ; bv, network of blood-vessels ; ch, chaetae (only k few 
are shown) in two bundles ; ch.l, lips of the chaetigerous sac ; cil.org, dorsal ciliated 
organ ; or circular muscular coat; cue, coelom; d.cir, dorsal cirrus; d.Iong, 
dorso 1 bundle of longitudinal muscles; d.ve, dorsal blood trunk; ep, epidermis: 

xnt ca P> blood capillaries in its wall ; iruch, muscles which move 
the chaetae ; N.c, ventral nerve cord ; tier, lateral sensory nerve, dividing into a 
ventral branch entering the ventral cirrus, and a dorsal branch (mor) for the 
dorsal cunts ; neph, nephridium, seen through *he oblique muscle through which 
lU funnel passes ; nrp neuropodium ; nrp.lig, neuropodial lobe or ligule ; ntp, noto- 
podium , tUp.ltg, notopodial ligule ; obi, oblique transverse muscle (muscle of the 

Bifof l^LiO • pe , npher V Wood- vessel; v.cir, ventral cirrus; v.long, ventral 
bundle of longitudinal muscles ; v.ve 9 ventral blood trunk. 


and dark-coloured, needle-shaped bristle known as an “ aciculum,’' 
whose point only just projects beyond the surface. This aciculum 
extends into the interior of the body much farther than do the 
ocomotor chaetae, and it is to it that the muscles serving to 
move the whole bundle of chaetae are attached. The acicula 
us serve as an internal skeleton to the parapodium. The shape 
0 e parapodium, the relative lengths of cirri and lobes, the 
s ape an arrangement of the chaetae, are all employed as specific 
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The head consists of a preoral portion above the mouth, the 
prostomium, and a postoral region surrounding the mouth, the 
“peristomium” (Fig. 125). The prostomium varies in shape 
in different species of Nereis; but it always carries on its 
dorsal surface two pairs of eyes. From its narrower anterior end 
there arises a pair of short, somewhat conical, sensory processes 
known as the “ prostomial tentacles.” A second pair of processes 
springs from the under surface, and rather to the side of the 
prostomium ; these are known as the “ palps,” and in Nereis are 
much more conspicuous than the tentacles ; each is composed of 
two parts, a large basal piece and a smaller terminal joint, capable 
of being withdrawn into the former. The palps are highly mus- 



Fig. 125. — Xereis diversicolor Mull, x 4. Head, with buccal region everted. A, Dorsal 
view ; B, ventral view. a 9 Prostomium ; B 9 everted buccal region ; c, c/ peristomial 
cirri, 1, 2, 3, 4 ; d 9 denticles or paragnaths ; c, eyes ; E 9 lower lip ; P 9 palp in A, 
entrance to pharynx in B ; J , jaw ; T, tentacle ; I, peristomium ; II, foot of 
apparent second segment. 

cular, and though they are sensory organs, act also as great 
lateral lips. 

The peristomium is in many species of Nereis (as in N. pela- 
gica) considerably larger than the trunk segments ; it carries at 
its anterior edge four filiform cirri on each side, which are directed 
forwards and used as feelers. They are arranged in couples ; 
a more anterior couple of dorsal and ventral cirri, and a more pos- 
terior couple of dorsal and ventral cirri. 

The Tail. — As the most anterior segment is perforated by 
the mouth, and is modified as descril>ed above, so the last or anal 
segment, which carries the anus, differs from the rest. It is more 
or less elongated, cylindrical, and without parapodia or chaetae. 
It retains, however, its pair of ventral cirri, which are very 
long. 

Internal Anatomy. — In correspondence with the external 
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metamerism there is an internal repetition of parts. For, except 
in the anterior segments, where the powerful protrusible pharynx 
is situated, the body-cavity or “ coelom ” is divided into a series 
of chambers, by means of muscular septa inserted, on the one 
hand, into the body-wall at the level of the grooves between the 
external segments, and, on the other, into the wall of the ali- 


mentary canal. Each of these coelomic chambers contains a pair 
of nephridia, a portion of the intestine, of the vascular system, 
and of the nervous system, as will be seen in Fig. 124. 

The epidermis, which forms the outer part of the body -wall, 
consists of a single layer of cells, covered externally by a thin, 
tough cuticle. The latter is usually stated to consist of the 
chemical substance known as chitin, but since the cuticle differs 
from true chitin by dissolving in caustic potash after a time, 
Fisig has suggested that its substance is merely a stage in the’ 
formation of chitin. The epidermis contains gland-cells which 
are especially abundant on the lobes of the parapodia. ’ Below 
the epidermis lies the circular coat of muscles by whose con- 
traction the worm diminishes its diameter: it is interrupted on 
each side at the junction of the parapodium with the body. 
Deeper still lie the longitudinal muscles, which form four great 
bundles, two dorsal, separated by the insertion of a small 
mesentery and dorsal blood - vessel, and two ventral bundles 
separated in the middle line by the nerve-cords. These longi- 
tudinal muscles, by their contraction, bend the worm from side 
to side, and are continuous from segment to segment. A 
very characteristic muscle, present in all the Polyehaeta, is an 

8he !f ° f 1 bres pa85 “ g fr0m the body-wall at 
Ind ™ ! : C ° rd *° the P ara P°dium J where it spreads out 

consJt oT a m2°h V flh P^P 0 ^ 1 ™ (Kg- 124). All these muscles 
consist of smooth fibres, as m the earth-worm. 

re«io^ e ^ e w ry , Canal may ’* ^^*<1 into the following four 

rT or eversrble region. (2) pharynx, can-ying 

the great jaws, ( 3) oesophugus. ( 4) ^^0. b 

When fully 'eveZ'/r °T? tUte “ “ inta >vert ’ (Lankester »). 
inside out and th t 6 e of the buccal region is turned 

“ “".''sc r sis sx msk-st- » - 
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out the following chapters the word “ buccal ” region is used for 
that part — if any — which is thus everted (Figs. 125, 126). 

Both the buccal and pharyn- 
geal regions are wrapped round 
by several coats of muscle, to 
form apparently a single mus- 
cular organ (Fig. 127, sh), which 
occupies about eight segments 
in a condition of complete in- 
troversion. The septa are absent 
from the anterior part of the 
body. 

The buccal region is lined 

with chitin, which is specially 

thickened at certain definite 

Fio. 126.— Diagrams to illustrate the action S p 0 ts forming small “denticles” 
of the Chaetopodan “introvert.” (From r ’ . ,, /t?:„ ion 

Lang.) A shows the apparatus at rest ; Or ‘paragnaths (*lg- 

the mouth leads into the buccal cavity w hich have a different arrange- 

( B ), with paragnaths in its wall ; P, the . . • _ 

pharynx, with jaws at its anterior end ; llieut in tile various species. 

c, brain ; p, protractor muscles ; r, re- -phe cavity of the pharynx is 
tractors. B, the pharynx has been J . . , i 

brought forward or protruded by the narrow and the walls CHICK auu 
eversion, or turning inside out of the muscu ] ar • eac h side Wall Carries 
buccal region, so that the jaws (j ) now ’ „ • » 

lie some way in front of the head, which a large, dark, ChltinOUS jaw 
is represented by the brain. (Fig. 127, J), which is hollow 

at the base, into which the muscles serving to move it are inserted, 

whilst the apex is solid, curved, and more or less notched. These 

two great jaws are used not only for tearing prey, but for seizing 

it; for when the pharynx is entirely protruded the two jaws 

are wide apart, and when retraction takes place they come 

together and grasp the prey. 

Eversion of the apparatus is partly effected by protractor 
muscles (Fig. 126, A, p) and partly by the pressure of the coelomic 
fluid, compressed by the muscles of the body- wall ; the eversion 
is stopped at a certain stage by a sheet of muscular tissue 
or “diaphragm” (Fig. 127, diaph) inserted round the buccal 
region and attached to the body-wall in the second segment. 
The introversion is effected partly by the contraction of tins 
diaphragm and partly by the action of powerful retractor muscle 
(Fig. 126, r) inserted into the hinder end of the pharynx and 
passing to the body- wall (these are removed in Fig. 127). 
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movement of the jaws themselves and of the wall of the 
apparatus is due to other muscles. 

The oesophagus is quite short ; into it opens a pair of saccu- 
lated diverticula or glands. Then follows the intestine, which 







Fig. 127. — Nereis, laid 
ojhju by removal of 
the dorsal body- wall. 
br, Cerebral ganglion, 
from which three pairs 
of nerves are repre- 
sented as arising ; a 
pair to the tentacles, 
a pair to the palps, 
and a pair (con) pass- 
ing one on each side 
of the buccal region, to 
join the ventral nerve- 
cord; ?no, mouth, ex- 
posed by removal of the 
dorsal wall of the buc- 
cal region (Due ) ; pgn, 
the pamgnaths iu its 
wall ; Ph, pharynx ; 
J y the large “jaws” 
embedded in its wall ; 
J.mus y the muscles 
which work the jaws ; 
s/t y the muscular 
sheath ; diaph, the 
‘‘diaphragm"; oes 9 
oesophagus ; gl 9 its 
glands ; $t, stomach ; 
\nt 9 intestine ; Sept, 
septum; d.t\ dorsal 
blood trunk ; p,%\ 
perivisceral branches, 
one pair in each seg- 
ment ; P , palp ; t y ten- 
tacle; per, peristo- 
iniunt ; perxi % two of 
the four pcristomial 
cirri ; pplll, the first 
parapodium which be- 
longs to the third true, 
but second apparent, 
segmeut ; cir. m t circu- 
lar muscular coat ; 
lg. m, longitudinal mus- 
cular coat of the body- 
wall. 


SKJW.Sr ^ ° f tHe b0dy “ S 11 tube, 

sightly dilated at the insertion of the septa. 

he vascular system consists of a contractile dorsal vessel and 

of I'll'T T Ventml VeSSel GXt€ndiu S alon S whole length 
e body, from each of which paired and segmeutally-arranged 
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vessels pass to the intestinal wall and to the body-wall, and here 
form extensive capillary networks (Fig. 124, p. 247). This type 
of vascular system is pretty generally adhered to throughout the 
Order, but in the Terebelliformia, Scoleciformia, and Crypto- 
cephala the dorsal vessel and capillary plexus on the intestine 
are replaced by a continuous blood sinus, situated in the sub- 
stance of the gut-wall. This “ perienteric sinus ” has the same 
relation to the segmental vessels as the dorsal vessel has in the 


Nereidiformia, and from it a tubular dorsal vessel arises ante- 
riorly. In Arenicola the sinus is preceded in the young stage 
by a network the branches of which gradually enlarge, meet, and 
fuse to form the sinus. 1 Whether it is in all cases secondary is 
a moot point. 

This system of vessels in the majority of Chaetopoda contains 
a respiratory fluid coloured red 2 by haemoglobin in solution ; in it 
float a very few small oval nucleated non-amoeboid corpuscles. But 
the place of this red pigment is taken by a green one, named 
“ chlorocruorin,” in the Chlorhaemidae and many Sabelliformia , 
whilst in Magelona 4 the blood is tinted madder-pink by a number 
of globules of “ haemerythrin.” The blood (or “ haemal fluid ) is 
driven forwards in the dorsal vessel, and passes backwards in the 
ventral vessel. Respiration in Nereis is carried on by the whole 
surface of the body, but naturally with greater activity in the 
surface of the parapodia, the lobes of which, with their extensive 
vascular plexus, may be termed “ gills ” ; but it must lie borne in 
mind that these organs have other functions as welL 

The coelomic fluid, which fills the general body-cavity, is 
colourless, and contains amoeboid corpuscles or “ leucocytes. t 
corresponds to the lymph of Vertebrates, being nutritive in func- 
tion, in that it conveys absorbed material from the wall of the 
intestine to the organs of the body, and at the same time removes 
any waste substances from these organs ; these waste substances 
contain nitrogen, and are ultimately removed by the iiephridiiu 
In Ophelia many of the corpuscles contain a curious dumb-ben- 
shaped rod of cliitin, and it has been shown 6 that this substance 

1 Denham, “The Post-Lurval Stage of Arenicola," J. Mar. Biol. Assoc, in. (ms.) 

1893, ]>. 48. _ ... 

2 The blood is colourless in Syllidae and Nephthydnlae. 

3 Elders states that some Eunicidae have green blood. 

4 Denham, Quart. J. Micr. Sei. xxxix. 1896, p. 1. 

3 Sehaeppi, Jena. ZeU. xxviii. 1894, p. 217. 
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is a highly complex form of excretory material, — more complex 
than guanin, for instance, which exists in the corpuscles of the 
Capitelliformia. 

In Glyceridae, Capitelliformia, and Polycirrus kaematodcs (a 
Terebellid), the vascular system is absent, and the coelomic 
corpuscles become coloured by haemoglobin, and in order that 
the coelomic fluid may be distributed to the organs of the body, 
the peritoneum is ciliated along certain definite tracts. The fluid 
in these “ anangian ” worms thus combines originally separate 
functions, and behaves like the “ blood ” of Vertebrates. 


The excretory system is represented by a pair of nephridia 
in each segment, with the exception of a few anteriorly and a 
few posteriorly. The 
nephridium of Nereis 
differs from that of 
most other Poly- 
chaetes hitherto ex- 
amined carefully, 
and rather resem- 
bles that of the 
Oligochaetous En- 



Fio. 128. — Nephridium of Nereit. (From Goodrich.) f, 
Fuunel ; n, ueck, which passes through a septum ; L, 
coiled tubule ; e, connective tissue ; rf, duct. 


chytraeids. It consists of a compact gland-like organ, containing 
a much coiled tube, ciliated for the greater part of its length, but 
deprived of cilia in its last coils ; tliis latter part — or duct — 
leaves the “ gland ” and pierces the body- wall, opening to the 
exterior at the base of the parapodium. The ciliated canal 
passes forwards into the next segment, where it opens by n 
funnel into the coelom. The lip of the funnel is extremely 
curious, for the cells constituting it are drawn out into very 
long, delicate processes covered with cilia. 1 


_ mos f Polychaetes the nephridium is a wide, sac-like tube 
as in Arenicola 2 (Fig. 129). Its walls are covered by a dense 
network of blood-vessels, and it not only acts as an excretory 
organ, but also as a genital duct (see p. 273). 

Excretion, in the strict sense of the word, is carried out by 


‘ Goodrich, Quart. J. Micr. Sei. xxxiv. 1898, p. 387. 

Benham, Quart. J. Micr. Sci. xxxii. 1891, p. 325. Seo also Bourne (nephridium 
01 rolyii#!), Tr. Linn. Soc. ( Zool .), ii. 1883, p. 357 ; Meyer, for nephridium of 
lereoelhdae, Sabellidae, and Cirratulidae, in Ml. Zool. Stat. Ncapcl, vii. 1887, p. 
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the cells forming the wall of the tube ; they remove waste mate- 
rials from the blood distributed over the surface of the organ. 
But, in addition, there is a removal from the coelom, by means of 
the funnel, of any dead or dying coelomic corpuscles which in 
their turn have eaten up or otherwise destroyed foreign bodies 
(such as Bacteria, etc.) that may have entered the animal. 

In Nereis there is in each segment, in addition to the pair of 
nephridia, a pair of " dorsal ciliated organs” (Goodrich) ( cil.org in 
Fig. 1 24). Each appears as a wide-mouthed funnel, greatly folded, 
and without any permanent outlet. But it is possible that these 
organs function as genital ducts, and that the external aperture 
will make its appearance temporarily at the period of maturity. 



Fio. 129. — Nephridium of Arenicola. (From Benham.) x 4. d, Dorsal lip of funnel ; 
t\ ventral lip of funnel ; b , blood-vessel (all the black lines are blood-vessels) ; m, 
dilated bladder ; z, part cut away from body- wall where the nephridium is pass- 


ing to the exterior. 


This " dorsal ciliated organ 99 has not been met with in allied 
genera — such as Eunice, Nephthys, Polyno'e, Glycera — where the 
nephridium is a wide tube, and serves as a genital duet. 

The nervous system, as in all Chaetopods, consists of a dorsal 
cerebral ganglion or “ brain ” (Fig. 127, br ), connected by circum- 
buccal commissures with the anterior end of a ventral chain of 
ganglia. The brain occupies the prostomium, 1 and from it nerves 
pass away to the prostomial tentacles and palps. The circum-buccal 
commissures spring from the outer corner of the brain, and from 
each arises a nerve to the first pair of peristomial cirri. The 
first ventral ganglion lies in the third segment, and represents 
at least two ganglion- pairs fused together, for from it arise (1) 
a pair of nerves to the second pair of peristomial cirri and (2) a 

1 It in worthy of note that in Aedotoma alone amongst the Oligochaete does the 
brain lie in the proetomium in the adult. 
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pair to the first parapodium. I 11 the remainder of the body 
there is a ganglion in each segment, whence nerves pass out- 
wards to the parapodium and muscles of the segment (Fig. 124). 

In Nereis the apparently single ganglion in each segment 
really consists of two halves, and the apparently single cord which 
traverses the whole length of the body consists of two closely 
apposed cords. In some worms, such as Serpulidae, the two 
cords are more or less widely separated, and the two ganglia of 
each segment are thus distinct, and connected by a transverse 
commissure. In Nereis, as well as in many other Polychaeta, the 
nerve-cords lie within the body-wall, but in other cases they 
lie in the epidermis, as they do in Archiannelida. 

The visceral nervous system, supplying the muscles of the 
pharynx, is frequently highly developed In Nereis it arises on 
each side by two roots, one from the brain, the second from the 
circum-buccal commissure. 


The organs of sense in Nereis are eyes, tentacles, palps, and 
cirri The four eyes, which rest upon the brain, have the struc- 
ture represented in Fig. 130. The retina consists of a single 
layer of cells containing pigment ; each cell is drawn out peri- 
pherally into a nerve-fibre, whilst centrally it forms a cuticular 
product the “ rod ” (A). The edges of the retina are continuous 
with the surrounding epidermis, and the cup thus formed remains 
widely opened to the cuticle in a few Polychaetes, e.g. Autolytus, 

and in the young of Nereis, but more usually it has the relations 
represented in the e 

figure. The lens is , , 

produced by the re- h 

tinal cells (accord- ^ 
iug to Andrews 1 ), 
und is in some 
cases {Eunice, Am- (f 
phinome ) continu- 

ous with the cuticle. 

It appears to be 

composed in Other Rq » 1 ?? > ‘~ Bye of NeTti *- (After Andrews.) x 160. A. 
Ca 8M (T \ Section through the entire eye ; e, cuticle ; e, epidermis 

cases {Lepidonotus) lens ; h, rod. ; r, retina ; „, optic nerve : B. isolated re- 

01 continuations of elemen t ; c, cell ; p t pigment ; A> rod ; /, nerve-fibre, 

he retinal rods. The structure of the other sense organs indi- 
1 Andrews, “The Byes of Polychaetes," J- Morph, vii. 1892 , p. 169. 
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cates their adaptation to a tactile function ; in each case a nerve 
traverses the axis of the organ, and the nerve-fibrils terminate in 
sensory cells. Very probably the palps have a certain power of 
testing the food — a combination of the senses of taste and smelL 

The Generative System. — In all the Polychaeta, with very 
few exceptions, the sexes are separate ; and the reproductive cells 
— ova and spermatozoa — are produced at certain seasons of the 
year by the rapid proliferation and modification of coelomic epi- 
thelial cells surrounding the blood-vessels in the para podium and 
its immediate neighbourhood. The sexual cells remain in the 
coelom till they are ripe. 

The egg-cells become filled with yolk globules ; a vitelline 
membrane is present, and an outer coat of albuminous material. 
It is doubtful by what means these sexual cells are discharged 
in Nereis. There is some evidence that the “dorsal ciliated 
organ ” may act as a genital duct. In some other worms the 
nephridia serve this purpose, whilst in others a rupture of the 
body-wall allows the products to escape into the sea. According 
to "YVistinghausen, 1 at the time of discharge the females of Nereis 
dumerilii become surrounded by a kind of gelatinous tube 
formed from a secretion of the parapodial glands, and into this 
tube the ova are discharged, and arranged in a single layer round 
its walL 

The common species Nereis diversicolor is viviparous. In a 
large number of species of Nereis the sexually-mature individuals 
undergo very marked changes in various parts of their body, so 
that they differ very greatly from the immature individuals. 

These changes resulting in the “ heteronereid ” condition will 
be dealt with at some length in Chap. X. p. 276. The larvae 
of Polychaetes and other facts connected with reproduction are 
described in the same chapter. 

1 Wistinghausen, “ Entwick. v. N. dumerilii," ML Zool. Slat. Neapel, x. 1891, p. 41. 
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CLASSIFICATION OF THE POLYCHAETA SHAPE HEAD PAR A PODIA 

CHAETAE GILLS INTERNAL ORGANS JAWS SENSE 

ORGANS REPRODUCTION LARVAL FORMS BUDDING FIS- 
SION BRANCHING REGENERATION. 


( The Polychaeta are marine worms whose bodies are usually 
elongated and cylindrical ; they either lead a free life, swimming 
in the open sea, or crawling along the bottom ; or they pass their 
life in burrows or definite tubes of various kinds. 

Each segment is normally provided on each side with a single 
or a couple of bundles of chaetae, by means of which locomutfon 
is effected. These, in the free-living forms, are carried at the 
ends of lateral muscular outgrowths of the body, known as 
“ parapodia,” which are practically limbs. 

The “ head ” of the worm generally carries eyes, and frequently 
more or less elongated tactile organs, the “ tentacles ” dorsally 
and “ palps ” ventrally. The foregut is frequently provided with 
a masticating apparatus in its anterior region, which is capable 
of protrusion ; but this apparatus is absent in many burrowing 
and tul.ucolous forms. The sexes are separate, so that there is no 
such complicated system of generative organs as occurs in the 
Oligochaeta. Ihe nephndia usually act as genital ducts. In the 
majority of cases the egg develops into a larva, the " Troeho- 
sphere, which leads a free life and undergoes a greater or less 
metamorphosis into the adult condition ) 8 

follows : ' laaSifiCati0n 0f Polychaeta Copied in this work is as 

" * r ° r *• 

tl‘ cac Orders and sulnOrion, m. below Chaf Xlf' “i,! ' “ran 


ions. 



2 5 8 


POLYCHAETA 


CHAP. 


Branch A. Phaxerocephala. 


Sub-Order 1. Nereidiformia [ = Errantia, auctt. + AriciuJeu\. 


Family 

i. 

Syllidae 

see p. 306 

• 

00 

>> 

I 

Ampliinomidae 

see p. 318 

>> 

2. 

Hesionidae 

„ 308 

„ 9. 

Eunicidae 

„ 318 


3. 

Aphroditidae . 

„ 309 

„ 10. 

Glyceridae 

„ 320 


4. 

Phvllodocidat? . 

V 

„ 313 

„ 11. 

Sphaerodoridae 

„ 320 

>* 

5. 

Tomopteridae . 

„ 315 

„ 12. 

Ariciidae 

„ 321 


6. 

Nereidae 

„ 315 

„ 13. 

Typbloscolecidae „ 321 

>> 

7. 

Nephthydidae 

„ 317 






Sub-Order 2. 

Spioniformia. T ^ 

Family 

1. 

Spionidae 

see p. 321 

Family 4. 

Magelonidae . 

see p. 325 

» 

2. 

Polydoridae . 

„ 323 

„ 5. 

Ammocharidae 

„ 325 


3. 

Chaetopteridae 

„ 323 






Sub-Order 3. 

•s 

1 

i 


Family 

1. 

Cirratulidae . 

see p. 325 

Family 3. 

Ampharetidae 

see p. 330 


2. 

Terebellidae . 

„ 327 

w 4. 

Amphictenidac 

„ 330 


Sub-Order 4. CapitcUiformia. 

Family. Capitellidae, sec p. 331. 

Sub-Order 5. Scoleriformia. 

Family 1. Opheliidae . see p. 331 Family 4. Scalibregmidae see p. 334 

„ * 2. Maldanidac . „ 332 „ 5. Chlorbaemidae ,, 334 

„ 3. Arenicolidae . „ 333 „ 6. Sternaspidae . „ 335 

Branch B. Cryptocephala. 

Sub-Order 1. Sabellifonnia. 

Family 1. Sabellidae . sec p. 336 Family 3. Amphicorinidae seep. 339 
2. Eriogmpliidae „ 338 „ 4. Serpulidae . „ 339 

Sub-Order 2. HervuUiformw. 

% 

Family. Hermellidae, see p. 341. 


Comparative Anatomy of the Polychaeta. 

General Shape of the Body —The majority of the Poly- 
chaeta have an elongated and very mobile body, like that of 
Nereis, consisting of an indefinite and usually of a considerable 
number of segments ; a few, however, have a shorter body, with 
fewer . segments, definite in number, for instance Aphrodite and 
Pohjjwe, which have thirty to forty segments ; and some Hesio- 
nids, with only some seventeen to twenty segments. 
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In Aphroditidae and certain Amphinomidae the body is more 
or less oval in shape. In Lipobrancliius 
and Sternaspis it is grub-like, short, and 
cylindrical, with rounded ends ; in the 
former it is difficult to distinguish head and 
tail, or dorsal and ventral surfaces. 

The segments composing the trunk may 
be all alike, or may constitute two more or 
less sharply marked regions, the thorax and 
abdomen, differing in the character of the 
chaetae, or in their arrangement, or in some 
other way, as in the Sabelliformia and the 
Capitelliformia. 

As peculiar cuticular structures, the 
curious shields of Sternaspis, and of certain 
of the Maldanidae may be mentioned. 

The posterior extremity is generally more 
or less narrowed, and most of the Nereidi- 
formia are provided with special elongated 
cirri, borne by the anal segment. In the 
Maldanidae and others the body terminates 
in a funnel, at the bottom of which is 
placed the anus. Only in a few cases is the anus not terminal ; 
in Notopygos and other Amphinomidae, as well as in some species 
of Polynoe, it is dorsaL 1 In Sabellaria and Pectinaria the hinder 
end of the body undergoes great degeneration ; in the former it 
is achaetous, but cylindrical and bent forwards alongside the body 

(F 1 1 | g - Ir ; P “ Anuria (Fig. 17V), this region, which is 

called the “ scapha,” is leaf-like, and serves to close the narrower 
end of the tube in which the worm lives. Arenicola marina 

and some Terebellids have no chaetae in the hinder, narrower 
part of the bod}\ 



Pig. 131. — Sabellaria al- 
veolate L. x 3. (After 
Malmgren.) a. Anus. 


The Head.— The prostomium is, in the majority of cases, 
rounded or conical, though it may be square (. Nephthys ) or 
elongated and jointed ( Glycera ), or even hammer-shaped ( Tomop - 

e ^ 16 ' I ^ ^ use( l with the peristomium, and apparently 

absent (Arenicola). In the great group Cryptoeephala, the peri- 
stomium grows forwards so as to hide the prostomium entirely, 
n a ew of the Nereidiformia the prostomium is compressed, 

In Coatangia (see p. 284) the anus is near the anterior end, on the ventral surface. 
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and in the Amphinomidae it is provided with a dorsal ridge or 
“ caruncle,” which is a leaf-like process overlapping three or more 
segments. In many Aphroditidae (as well as in Poly d ora ) there 
is a peculiar “ frontal ” ridge passing forwards from the prostomial 
tentacle, and downwards into the mouth (Figs. 132, c , and 13 3, A, a). 

In all the Nereidifonnia, as well as in Sabelliformia and 
Chlorhaemidae, the prostomium bears sensory processes of two 
kinds, viz. dorsal tentacles and ventral palps. The latter are in- 
variably two in number, and are particularly well developed in 
Aphroditidae, Nereidae, Syllidae, some of the Eunicidae, and in 



Fic. 132. — Aphro- 
dite aculeata L. 
Ventral view of 
anterior region, 
x 6. a, Prosto- 
mium ; c, frontal 
ridge on prosto- 
mium ; d , neuro- 
podia! cirrus ; /, 
lower lip ; m, 
mouth ; p % palp ; 
s , intersegmental 
groove ; U ten- 
tacle ; I, foot 
of peristomluni, 
which has 
shifted forwards 
so as to lie in 
front of the 
mouth ; II to V, 
successive feet. 


Chlorhaemidae. Even when they are apparently absent, as in .. 
Kephthys, it is possible that they are represented by certain 
lobes at the sides of the mouth, for in many Syllidae they are 
so fused with the prostomium as to be scarcely distinguishable. 
In the Chlorhaemids the palps 1 are grooved, and in the 
Sabelliformia they become considerably branched, and extern 
round the prostomium so as to nearly meet dorsally and ventrally. 
Each palp is, in this sub-Order, represented by a greater or smaUei 
number of long, mobile filaments, arising from a common base, 
they are grooved along the inner side, ciliated, and provided with 
secondary^ processes. "The crown of - gills," in foot, is notlung 
i It is doubtful whether these organs are palps or only lateral lips. 


X 


HEAD 


261 


more than the greatly subdivided and enormously elongated palps, 
as both Pruvot 1 and Meyer 2 have shown. In such forms as 
Haplobranchus and Amphicorine the process of subdivision 
(branching) has only gone a short way. In all the Sabelli- 
formia each filament, in addition to its sensory function, aids in 
conveying food to the mouth by the action of the cilia, and has a 
blood-vessel within, thus acting as a respiratory organ. The 
filament may carry compound eyes (Fig. 143) either at its apex 
( Branchiomma ) Qr at intervals along its course ( Dasychone ). 

In the family Serpulidae one (rarely two) of the most dor- 
sally placed gill filaments is enlarged terminally, and acts as a 

Fig. 1 33. — A, Autcriorend 
of Polydora enlarged, 
a, Prostoniium ; x> 
frontal ridge ; I, peri* 
stomium ; c', its long 
cirrus; 11,111, etc., the 
following segments ; c, 
gill : B, head of Sabel- 
litl; P y palps (branchial 
crown) ; ( t position of 
tentacles ; f, processes 
of upper lip membrane ; 
I, peristomimn raised 
into a collar; II, III, 
IV, following seg- 
ments. 



stopper or “operculum,” which closes the mouth of the tube 
when the animal withdraws into it. Further, in Spirorbis this 
operculum is grooved on one side, and serves as a brood pouch in 
which the eggs undergo development (Fig. 184, p. 341). It will 
be seen, therefore, that the palps may be very important organs 
for the life of the worm, and they are no less interesting to the 
comparative anatomist, serving as they do as an excellent illus- 
tration of the various uses which Nature finds for one and the 
same organ. 

In the other sub-Orders the prostomium carries neither palps 
nor tentacles. 


homofrj 0t rr 8Upply 10 or g“ 8 . thus established their 

homology. Arch. <1. tool. Exptr. (ser. 2) UL 1885, p. 211. 

1887 tU< L U B b - d ‘ KbrperbaU der Anncliden," Ml. Zool. Slat. Ncapcl, vii. 

te^tiL fnatom- ' 1 r V' IU thU Work a number of important mid in- 

iMHffrm^a With tho Terebolliformia ami 

mphrid U “ C€rtain detaUs “ to tl,e etnic ture and development of tho 
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The tentacles in the Nereidiformia present a wide variation 
in number ; probably the typical number is three, one of which 
is median and two lateral— as in Polynoids, Syllidae, and some 
-hunicidae. Further, there is a certain amount of evidence in the 
nerve supply of the median tentacle to show that it was origin- 



E d 


Fig. 134. — Heads of various Polychaeta (diagrammatic). A, Polynoid ; B, Syllid ; C, 
Nephthys ; D, Eunice ; E, Phyllodoce ; F, Trophonia : a, prostomium ; c, normal 
cirrus ; c\ peristomial cirri ; c*, cirrus of second segment ; c 3 , cirrus of third seg- 
ment ; el l t point of attachment of elytron ; p t palp : s, nuchal organ (ciliated pit) ; 
ty tentacle ; I, peristomium ; II, III, IV, segments. 

ally double. The presence of four tentacles, then, as in Nephthys, 
Phyllodoce, and Glycera, may be a primitive condition. By the 
disappearance of the paired lateral tentacles the worm possesses 
a single median one, as in Aphrodite and Ampliinomids ; 1 whilst a 
duplication of these lateral ones leads to the condition of Eunice 
and Hyalinoecia, which have five tentacles. In the Chlorhae- 
inidae the number is further increased to five or more on each 

1 In some of the members of this family paired lateral tentacles appear to exist. 
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side, 1 and in the Terebellidae these prostomial processes become 


very numerous. 

In the Cryptocephala there 
of tentacles, and these are gener- 
ally reduced to a group of sen- 
sory cells, though in Sabrllaria 
they retain a considerable size. 

In a few genera, such as 
Aphrodite, Nephthys, Cupitella, 
the first postoral segment is 
distinguished from the succeed- 
ing segments only by its position 
with regard to the mouth (Fig. 
132) and by its smaller size. 
But in the remainder of the 
Polychaeta, with here and there 
an exception, the peristomium is 
achaetous in the adult. 2 

Except in the Nereidiformia, 
peristomial or tentacular cirri 
are rare, being represented in 
the Spioniformia by the very 
long “ tentacles.” In the Nereidi- 
formia one or more of the 
following segments may be added 
to the peristomium, and share 
in the “ cephalisation,” which 
is so characteristic a feature in 
this group. In Amphinomids 


is never more than a single pair 



Fio. 135. — Sabdlaria alveolate. L. Vent nil 
view of anterior region, x 10. «, 

Notopodiol cirrus; b, notopodium , r, 
neuropodium ; ch, peristomial chaetnc ; 
d, neuropodial cirrus ; in, mouth ; P, 
multifid palp (gill filaments) ; P', ridges 
after removal of gill filaroeuts ; 
ventral (tubiparous) gland shield ; T , 
tentacle ; I, hood formed by peri- 
stomium ; II to VI, following seg- 
menta. 


the first three or four chaetigerous segments are incomplete 
ventrally, owing to the shifting of the mouth backwards; these 
segments form lateral lips, but they are not otherwise modified. 
In Phyllodoce, however, there are four cirri on each side of the 
mouth, and from the arrangement in the Aleiopids we are 
justified in concluding that the segment which carries the four 
pairs of cirri is really made up of three segments (Fig. 134, 

). long the Hesionids there are four such “ cephalised ” 
achaetous segments with long cirri. 


® t j* *- i* ? that aom ® of these may be peristomial. 

n vi 1 cases in which chaetae are present have been recorded. 
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In a few cases, such as the Chlorhaemids and Sterruispis, and 
to a slight degree in Arenicola, the “ head ” and even the anterior 
part of the worm is capable of being withdrawn into the body. 

The Parapodia and Chaetae. — The typical parts of a para- 
podium have been described in the preceding chapter ; here it is 
only necessary to refer to the series of diagrams (Figs. 136, 137) 
representing the parapodia of the more common Polychaetes, and 
to add a few remarks about them. 

In most Annelids the chaetae are in two bundles on each 


a 



E 

Fig. 136. — Parapodia. A, Xephthys ; B, Amphinome ; C, Qhjtera (the unlettercllolw 
above <j is the notopodial cimis) ; D, Syllis ; E, Eunice ; F, Phyllodocc. a, Noto- 
podial cirrus ; b , uotopodium ; c, neuropodium ; d, neuropodial cirrus ; y, special 
gill ; u, aciculum (omitted in B) ; x, cirriform lip of chaetigerous sac. 

side, but there are certain families in which the dorsal bundle, 
and even the notopodium itself, is absent, as in the Eunicidae, 
Syllidae, and Phyllodocidae ; or the dorsal bundle may be absent 
only in certain regions of the body, as in the hind-body of Tere- 
bellids. In some Amphinomidae and Aphroditidae the noto- 
podium is scarcely distinct as a separate lobe, being a slight 
tubercle on the upper surface of the neuropodium ; but the noto- 
podial chaetae are present, and indeed particularly well developed 

in many cases. 

But whilst, in the Nereidiformia, the parapodia, whether con- 
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sisting of two lobes or only one, are always well developed, and 
project to a more or less pronounced degree from the sides of 
the body, it is otherwise in the rest of the group, where the chae- 
tigerous lobes are usually reduced to mere tubercles or ridges, no 
doubt in relation to their burrowing or tubicolous habits. In 
Sternaspis the chaetae issue directly from the body-wall. 

Amongst the Nereidiformia we find examples in which the 
parapodia, instead of being more or less conical “ legs,” are 
fiatteued fore and aft so as to serve as efficient “ fins,” as in the 
active swimmers, Nereis virens and Nephthys caeca , and in the 
pelagic Phyllodocids, Alciopids, Typhloscolecids, and Tamopteris. 



Pio. 137- — Parapodia. 
A, Polynoe ; B, Sco- 
loplos ; C, Euphrosyne. 
(Transverse section of 
body.) a\ Accessory 
cirrus ; y, doubtful 
branchiae : D, Sabella 
(thoracic), a, Noto- 
podial cirrus ( 4X ely- 
tron ” in A, “gill” in 
B) ; b t notopodium ; 
c, neuropodium ; <f, 
neuropodial cirrus ; n, 
aciculum (accidentally 
omitted iu C). 


Of the typical dorsal and ventral cirri, the ventral is only 
absent in some Amphinomids amongst the Nereidiformia; the 
dorsal is absent in Nephthys and degenerate in Glycera, whilst 
in a very large number of families of the other sub -Orders 
neither cirrus is present. These cirri, though originally fila- 
mentous and sensory, may, by virtue of special blood supply, 
become “ gills ” and this occurs in several families of different 
aub-Orders. Thus in Eunice this gill is comb-like ; in Amphi- 
norru and in Arenicola (on certain segments) it is arborescent, 
as it is also in one to three segments in Terebellids; whilst in 
Ancudae, Spioniformia, Cirratulidae, Oplieliidae, and Sabellaria 
it remains more or less finger-shaped or filumeutoua. In the 
ami y Serpulidae the thoracic cirri, both dorsal and ventral. 
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become flattened and extended an tero- posteriorly, and unite with 
one another to form the “ thoracic membrane.” 1 In Phyllo- 
docidae the cirri are foliaceous and natatory, and they contain 
a great quantity of glands of a peculiar character. The Aphro- 
ditidae are distinguished from other Annelids by the possession 
of “ elytra ” or dorsal scales, which appear to be the dorso- 
ventrally flattened cirri, retaining their sensory nature, but 
adding to this function several others. 2 

The chaetae or bristles are mainly used in locomotion, but it 
is not unreasonable to believe that some of the stronger, serrated 
kinds may be used as weapons of offence and defence ; certainly 
the l’olynoids, bristling as they do with stiff chaetae along each 
side, must be rather unpleasant to their smaller enemies. 

The various bristles may be placed in three chief groups, vi z. 

(1) simple; (2) jointed ; (3) uncini (see Fig. 138). 

(1) The simple chaetae may be smooth and hair-shaped, i.e. 
“ capillary,” such as are present in nearly all families : or they 
may be forked (Amphinomidae), comb-shaped {Eunice), notched 
or serrated, or provided with a series of frills at right angles to 
their length, as in Aphroditidae ; or fringed along one or both 
sides with a membranous expansion, as in Terebellids and 
Sabellids. The simple chaetae may also be short and spine-like, 
as in the ventral bundles of Arenicola ; or they may be slightly 
curved at the end and notched, forming what are generally 
termed “ crotchets,” such as are common amongst Oligochaeta. 
These “ crotchets ” may be simple, or have numerous denticula- 
tious at the end ( Maldanidae), or be provided with a membranous 
hood (Spioniformia, Capitelliformia). In Hermione peculiar 
sheathed, spear-like bristles occur (Fig. 138, N). 

(2) Jointed chaetae have already been described (p. 246); they 
are confined to the sub-Order Nereid iformia, and occur only in 


certain families. . 

(3) The uncini are very short chaetae, which are simply 
embedded in the skin, and do not extend beyond the body-wall 
into the body-cavity. An uncinus is a sharply curved hook, which 
may have more or less numerous secondary teeth on it. They 
are characteristic of the Sabelliformia and the Terebelliformia. 

The chaetae appear as solid, usually fibrillated structures, o 
a yellow or golden tint, transparent and refringent. Chemically 

. Mover, loc. cit. 3 Haswell, P. Linn. Soc. N.S. Wales, viL 1883, p. 251. 
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they consist of chitin, and each chaeta is the product of a 
single cell. The chaetae of Euphrosyne are hollow and calcare- 
ous, being peculiar iu both characters. 



Fig. 138. — Chaetae of various 
Polychaetos (the magnifi- 
cation is not the same iu 
all cases). A, Doubly- 
fringed capillary, from 
Terebellid ; B, hooded 
crotchet, from Polydora ; 
C, a fork, from Euphro- 
syne ; D. jointed chaeta, 
from Phyllodocc ; E, 
simple chaeta, with ser- 
rated ridges or frills, from 
a Polynoid ; F, jointed* 
chaeta, from Eunice ; Q x 
uncinus, from Pamatoceros 
(Serpulid) ; H. one of the 
outer series of paleae from 
the hood of SaMlaria 
spinulosa ; I, jointed 
chaeta, from a Syllid ; J, 
multidenticulatc crotchet, 
from a Moldanid ; X, 
comb-shaped chaeta, from 
Eunice ; L, uncinus of a 
Sabellid ; M, uncinus of 
Terebellid ( Amphitrite 

Jdhnstoni) : a, edgewise ; 
b 9 side view ; m 9 attach- 
ments of muscles iuto ba 9 
^>asal plate; x 9 accessory 
teeth. NT, Sheathed spear 
of Hermione ; a, the spear- 
shaped capillary removed 
iVom its sheath ; b , the 
same, with sheath. 


Certain modifications of the chaetae presented by various 

7 <•* « - - = 
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oi the notopodium of the eighth and ninth segments are 
specially modified ; they are analogous to the copulatory chaetae 
ol Oligochaeta. In Aphrodite, in addition to the ordinary loco- 
motor chaetae, there are brilliant, iridescent bristles and peculiar 
felting threads arising from the indistinct notopodium ; these 

latter, however, are 
not true “ chaetae,” 
but are separate 
chitinous filaments 
similar to the con- 
stituent fibres of an 
ordinary chaeta. 1 

While the chaetae 
in the Nereidiformia 

and others are 

Fig. 139. Aphrodite. Foot, x 2. a, Elytron; b, noto- grouped in bundles, 
podium ; c. neuropodium ; d, neuropodial cirrus ; n, aci- ° r 
culum ; 1, iridesceut bristles ; 2, stiff chaetae ; 3, felt, th08e Oi many Other 

families are in ver- 
tical, transverse rows, as in Maldanidae and in Arenicola. The 
uncini are always embedded in such rows, usually slightly raised 
from the general level of the body surface, each being termed 
a “ torus uncinigerus.” These tori are usually limited to the 
sides of the body, but in Myxicola. and in Notomastus they 
encroach upon the dorsal surface, and in Chaetozone, also upon 
the ventral, so as nearly to encircle the body, recalling the 
“ perichaetous ” condition of some earth-worms. 

Gills. — We have already seen that several different organs, 
e.g. the palps in Sabelliforraia, the prostomial tentacles of 
Chlorhaemidae, and the notopodial cirri of sundry other Poly- 
chaetes, may take on a respiratory function. There are, however, 
certain “ gills ” developed either on the parapodium itself or 
elsewhere on the body which it is difficult to homologise. Such 
are the retractile gills on the parapodia of the Glyceridae (big. 
136, C) ; those of Dasybranchus, near the abdominal neuropodia; 
those of Mastobravchus, near the notopodia. Nephthys has a 
sickle-shaped gill on the under surface of the notopodium. The 
long gill filaments at the posterior end of Stcrnaspis, again, are 
only doubtfully interpreted as the dorsal cirri of some of the 
posterior segments. 

1 Eisig, “ Die Capitelliden," Fauna u. flora O. v. Neapel, Monogr. xvi. 1887, p. 331. 
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Since primitively the whole' skin of the worm is respiratory, 
any part of the skin may become more or less specialised for this 
function, and chiefly, of course, on the more actively moving para- 
podia. The blood-vessels constituting the essential part of the 
“ gill ” may make use of any already existing outgrowth (such as 
a cirrus or a tentacle), or may push the body-wall out on their 
own account. 


Internal Anatomy. 

Probably those organs which have the greatest effect in modi- 
fying the shape of the body are the septa, for we find in the long, 
free-swimming worms that these are regularly present through- 
out the body, and external “ segmentation ” of the body is well 
marked. In burrowing and tubicolous forms the septa are fre- 
quently incompletely developed, or more or fewer may be absent ; 
and the body becomes less distinctly segmented externally, tends 
to vary greatly in diameter during movement, or becomes 
plumper. With the disappearance of the septa there is also a 
diminution in the number of nephridia, as in Arcnicola, with 
only six pairs. Further, there is frequently a dimorphism of 
these organs ; instead of all of them serving equally as excretory 
organs and as genital ducts, some of the most anterior in the 
Sabelliformia and Terebelliformia become greatly enlarged, and 
take 011 practically the whole of the former function ; whilst 
more or fewer of the posterior nephridia dwindle in size, and 
become genital ducts. The absence of septa allows a free com- 
munication between the successive segments, and thus a freer flow 
of coelomic fluid for the distension of the anterior end of the 
worm during burrowing. 

The alimentary system presents certain modifications of a 
systematic value. In the Nereidiformia the muscular pharynx, 
which is always protrusible and is preceded by an eversiblo 
buccal region, frequently encloses thickened cuticular plates which 
serve as crushing and grasping organs. The form, number, and 
arrangement of these “jaws” vary in the different fumilies. 
They form valuable fossil records of extinct worms. 

In the Scoleciformia and Capitelliformia the buccal region 
exists, but there are no jaws. In the Sabelliformia and Tere- 
belliforuiia eversion does not take place and jaws are absent. 
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Amongst the Nereicliformia the jaws are absent in the Phyllo- 
clocidae and Hesionidae ; when present they are usually set in 
the direct course of the food. There may be one small tooth used 
for stabbing, as in some Syllids (Fig. 141, A) ; or a circle of such 
denticles ( Autolytus , Fig. 140, D). To these are added powerful 
grasping jaws in Nereis (E) ; or the latter may alone be pre- 
sent, as in Glycera (F). In Polynoe the four jaws are carried 

B 



Fig. 140.— Jaws of various Chaetopods. A, Transverse section of the anterior end of 
Eunice; a, b, c, d, various parts of the upper series of denticles lying in a special 
chamber ; g, oesophagus ; k, lower jaw : B, the denticles of Eunice separated ; L, 
upper series ; a, grinder ; b, forceps ; c, rasping plates ; d, grater ; L, lower senes 
tooth ; k, base into which muscles are inserted : C, Polynoid ; U, upper, ami E, 
lower jaws ; j, tooth ; k, base: D, Diagrammatic section across pharynx of Auto- 

lyliu; E, of Nereis; F, of Glycera; G, of Polynoe. 

0 

by hard pieces, to which the muscles are attached (C and G). In 
Neplithys there is a dorsal and a ventral jaw. 

In the Eunicidae, however, the numerous denticles are carried 
in a special pouch below the food tract, with which it communi- 
cates anteriorly. 1 They are arranged in an upper and lower 
series. The lower series (L) consists of a pair of Hat plates (*; 
on each side partially embedded in and acted upon by muscles, 
with a harder enamelled piece— the actual lower “ tooth (j)— 
at its anterior end. The upper series (U) consists of severs 
pieces, varying in shape and size in the various genera of this 

. Compare with this the nrnscul.r orpm of Di,»phi to, V ^ ProMrilvs, »ad 
a similar structure which occurs in Tercbellid*. 
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family ; but developmentally they result from, modifications of 
two rows of small, similar pieces. 1 

The intestine is generally straight and cylindrical, and is usually 
constricted by the septa, if these are present. I 11 the Polynoids 
the intervening sacculations become so long as to receive the 
name of “ caeca,” which, in Aphrodite, become enormously elon- 
gated (Fig. 142) ; there are eighteen pairs of them (c),each being 





B 

Fia. 141. — A, Alimentary canal of Syllid : B, trans- 
verse section of pharynx of the same ; ft, bnccal 
region ; d, oesophageal outgrowth ; g, salivary 
glands ; t, intestine ;j, tooth ; p, pharynx ; s, gixrard : 
C, alimentary canal of Pctta (after Wirfn) ; <, in- 
testine ; 0 , oesophagus ; r, rectum ; t, stomach. 



Flo. 142. — Alimentary canal 
of AphrodiU. x 1. (From 
Gegeubaur.) a, Anna; ft, 
pharynx ; c, caoca ; 0 , 
mouth. 


a slender tube bent upon itself, giving off short branches and 
dilated distally, where it lies in the base of the parapodium. 

The intestine is looped in a few genera only, as in Tropkonia, 
or coiled, as in Stenuupis, Petto, (Amphictenid, Fig. 141, C), and 
Ammotiypane. In the course of the tube there may be a thick- 
walled muscular gizzard, with hard chitinous lining, as in certain 
TerebeUids, where it appears to replace, in function, the pharynx 
of the Nereidiformia ; in the Syllidae the gizzard is present in 
addition to the pharynx (Fig. 141, A). 

Glandular appendages of the oesophagus are present in many 
1 Korschelt, "Uber Opliryotrocha puerilia,” Zeitschr.f. triw. Zvol. lv. 1893, p. 224. 
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worms. Amongst the Xereidiformia, the Syllidae and Hesionidae 
possess oesophageal diverticula (Fig. 141, A, d), which are used, 
not for secreting a digestive fluid, but as reservoirs for water and 
air swallowed by the worms ; and are provided with muscular 
walls, by which their contents can be driven out. They appear, 
in fact, to be used like the swim-bladder of fishes. 1 Many 
Chaetopods take in water, by the anus — no doubt for respiratory 
purposes — and pass it forwards along the intestine. In the 
Capitelliformia a special groove conducts the water for some 
distance, then the groove becomes closed to form a canal, which, 
after a course forwards as a free tube l*elow the intestine, again 
enters the latter, constituting a “ siphonal apparatus,” similar to 
that of the Echiuroids and the sea urchins. 

Sense Organs. — In addition to the prostomial eyes, which are 
present in nearly all the Xereidiformia and Spioniformia, eyes 

may exist elsewhere on the 
body : thus Myxicola in- 
fundibulum and Fobricia 
possess a pair on the anal 
segment ; in M. aesthetic a 
Clap, there is a pair to 
every segment; in Branch - 
iamma there is a compound 
eye near the tip of each gill 
filament (i.e. palp) ; whilst 
in Busy eh one a series occurs 
along each gill filament. 
All these examples belong 
A B to the Cryptocephala, in 

Fid. 143.— A gill filament. A, of Dranchiomma, which. Owing to Certain 
B, of Ih'sychonc. o. Axis ; /. secondary fila- m0( l es 0 f life, these 

,„, U U ; somJKiuiid cy e ; * ^ orgaus are requirci l 

in correspondingly peculiar positions. It is usually stated that 
Polyophtlud m us possesses, in addition to the usual prostomial 
eyes, twelve pairs on as many successive segments; but lie 
minute structure of these organs points rather to their function 

The Capitelliformia and Opheliidae possess a pair of pec r l.ai 
ciliated pits " or “ nuchal organs ” at the upper side of the head, 
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ham.) Anterior end. 

Prostoiuiiiin ; b % 
everted buccal region ; 
<% notopodiul cirrus ; 
X, ciliated organ 
everted; I, II, III, 
first three segments. 


between the prostomiuin ami peristomium, and capable of ever- 
sion (Fig. 144). They are most characteristically developed in the 
Capitelliformia, where eacli organ abuts upon 
a special lobe of the brain. The function of 
these “ciliated organs,” which bear a great 
resemblance to those of the Nemertincs, is a 
matter of speculation. Similar organs, in the 
form of simple pits or grooves, occur in many 

of the Nereidiforwia, TerebeUiformia, and 
others. 1 

Otocysts are rare. Arenicola possesses a 
pair at the base of the prostomiuin, each of 
which in some species retains an opening to ^ 

the exterior.- They probably serve as “organs Fl °- 144 .—Awmotrypavr 

of direction” rather than of “liearimr” Rati.kc.eu. 

Aricia and Polyophthalmus likewise have such ' *** r ° " UU '" 8 
organs on the prostomiuin ; whilst Fnbricia, 

Myxicola, Tcrebella, and a few others possess 
them in the peristomium, or in some other 
segment of the body. 

tionfdT^lr ^ enome “ a — With a few exception! men- 
tioned below, the Polychaeta are unisexual. The sexual cells 

cavity Ve < The !“ ^ fr ° ,U , the liuin S ^pithelimn of the hody- 
it mlv he C , 6P , ^ ", hiCh this OCCUra varies Afferent 

sf-ift-sra : r iss. rasrc 

Ms** 

it 

ciliafj lappet, of IlcLyUU 8 ^ ° tBa “’ »“ J * "ith the 

’ 5JV*** ** liii ISM, p. 2,7. 
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which must be added some Hesionidae. In this family ova 
and spermatozoa are developed around the same blood-vessel. 
But in the former group of worms (as also in Ophryotrocha ) 
the two kinds of cells are produced in different regions of the 
body. Thus in Protula the anterior abdominal segments are 
male, the posterior ones female, while in Spirorbis the reverse 
arrangement holds ; and in Syllis corruscans the anterior 
segments of the body contain eggs, whilst the posterior region 
contains spermatozoa, and this region separates and becomes a 
male worm. 

The eggs and spermatozoa in the Polychaeta are discharged 
into the sea either by rupture of the body-wall or through the 
nephridia ; the male and female elements unite, and the result- 
ing fertilised eggs undergo development, either floating separately 
in°the water, or embedded in jelly, or attached to the body or to 


the tube of the worm. 

The result of the segmentation of the egg is a free-swimming 
larva known as a “ Trochosphere,” similar to that of Poly g or dins. 
The larvae of different species present various more or less 
marked departures from this type, for instead of the two girdles 
of cilia there may be only the anterior girdle, or there may be 
several complete or incomplete girdles between the two typical 
ones, or there may be (Chaetopterids) only a single girdle of cilia 
about the middle of the body, the two typical girdles being absent 
The postoral region, after elongation, generally becomes marked 
out into three segments, and these segments develop chaetae, 

which are usually temporary and specially long. 

The little animal is thus equipped for an independent lile : 
the provisional chaetae help in keeping it balanced; and in some 
cases (Spionidae) serve to protect the little soft creature, for when 
it is touched it curls up, and its chaetae stick out at the sides, so 
that it looks lik. a hairy caterpillar. But the larva is quite at 
the mercy of the sea, for it is carried hither and thither y 
currents, and in this way the species is disseminated. T 
larvae of the Polychaetes, like those of other animals, occ 
certain periods of the year in large quantities at the eurfac* of 
the sea, and serve as food for various larger animals. 


. See Claparwle and 

“ * 1883 ’ * 16? - 
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These larvae are at first very different from the adult animal 
and the necessary changes to he passed through are more or less 
great according to the species. 

It is not our intention to 
describe these changes in de- 
tail. 1 The larva increases in 
size, the permanent chaetae 
make their appearance in regu- 
lar order, and the body exhibits 
segmentation, the new seg- i 
ments always appearing just 
in front of the anal segment. 

ihe internal organs gradually '-'l} • ■ fi ,r c' 

develop, and the prostomial and Prochosphere of Kephthys. 

pampodial appendages grow ^ - ! 

r "* 4 * . ... .. • 1 



» v , uuia t 

t, intestine ; tii, mouth ; st, stomach. 
B, Larva of <§pu>, with three segments, 
eight days old. x 100. r, Preoral 
girdle of cilia; c', preanal girdle ; ch, 
long provisional chaetae ; yr , prostomium 
with eyes. (From Clap.mde and Metscli- 
nikoff.) 


out in their turn. In the 
Sabelliformia the multifila- 
mentous “gills” arise by the 
continued branching of an at 
first simple process (the palp) 

Ltf*’ 8 Thee the 1 . ate f.°- ventral Of each side of the preoral 

lobe These gradually encroach dorsally and ventrally till the 

prostomium is more or less encircled ; meanwhile the periatomium 

fncrll/ 0 "'^? 8 S ° 88 t0 COnCea ' the l ratomi ™. which no longer 
increase at the same rate as does the rest of the body 

into th g "° rms “ 1>pear 10 discharge their ova directly 

into the sea and take no further care of them some make 

to the back under the* 8 ^ “ ttached means of a secretion 
up to they 

zas v;,: 

ve “r:„?„!Te t r “ * 

Jahrb. Abtk. Anat. viii. 1895, p .' 2 45 * d ^ Polynold laiva see Hunker, Zoal. 

' See Meyer (ref. on p. 261). 
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secretion ; the eggs develop into embryos inside the brood sac, 
and then become free, with head appendages and three pairs of 
parapodia. Enormous numbers of such embryos may occur; 
for instance, some 300 were counted in a brood sac of Autolytus 
ebiensis. In the case of lubicolous worms, the eggs are frequently 
attached to the tube, either inside or outside. In Spirorlis and 


Salmacina the operculum serves as a brood pouch. 

Only a very few species are known to be viviparous, viz. 
Syllis vivipara Kr., Cirratvlus chrysoderma Clap., Marphysa 
sanyuinea Mont., and Nereis diversicolor Mull. 

In most genera there is no external difference between a 
mature worm filled with generative products and an immature 
one, except, it may be, in the colour ; for the yolk of the eggs 
is frequently tinted yellow, or pink, or bluish, while the sperma- 
tozoa in mass are white ; so that the normal colouring of the 
worm may be modified when filled with these elements. But in 

a few instances striking anatomical peculiari- 

J . I ties are exhibited by the mature worm. In 

many species of Nereis, for instance, those 
aLdb segments containing the generative products 

A |Hi undergo more or less extensive changes, while 

the anterior ones remain unaltered. The body 
of the ripe Nereis is then distinguishable 
wf into an anterior non-sexual region and a pos- 
it terior sexual region ; and so great are these 

H changes in certain species that the mature 

W worms were for a long time believed to belong 

W to a different genus, and received the name 

’ Heteronereis. But we now know their true 

Fio. 146.— Male “Hete- re i a ti 0 ns, thanks to the work of Claparfcde 
\ i and others. The males in the Heteronerehl 

Kexual region ; B, sex- j ulge j iave fewer unaltered anterior segments 

than the females, so that there is a sexual 
dimorphism. 

The changes which Nereis undergoes in its transformation 
affect chiefly (a) the shape of the parapodia, and (6) the form of 
'the elme J of these parapodia. Other organs may a so be 

affected, though less noticeably; thus the eyes “ e ^ r0 .' 
the intestine may become so compressed hy the 0 eneiut P 

' Many of the l’olynoids are sexually dimorphic. ^ 
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ducts as to be functionless, and the tail develops special sensory 
papillae. 1 


In the para podia an increase in size and a sharper delineation 
of the various parts take place ; then flattened foliaceous out- 
growths (Fig. 147, x.y) arise from certain lobes of the feet, in which, 
too, the blood supply becomes greatly increased. The old chaetae 
are pushed out by the development of new ones of quite a different 
shape ; these are jointed like the old ones, but the appendix is, 
in many species at least, flattened and oar-shaped (Fig. 123, C, p. 
246) ; and the chaetae are arranged in a fan-like manner. Both 


these modifications are in evident 
relation to the free -swimming 
habit which the Heteronereid now 
adopts. The new foot serves as a 
swimming organ, the old one was 
a walking appendage. 

AVhilst some species, such as 
the common British j\ T . diversi- 
color, undergo no change, and 
others become modified as just 
described, others, again, are poly- 
morphic. Clapar^de was the first 
to show that JV! dumcrilii may 
occur in at least five different 
mature forms; these differ from 
one another in size, colour, mode 
of life, character of the eggs, etc. 
The immature forms may become 
ripe and lay eggs while still re- 



Fio. 147.— Pnrapodiuni of male “Hetero- 
nereis" of X.jKlugica L. x 10. (From 
Fillers.) (i, Notopodiul cirnis ; b, 
noto podium ; e, ncuropodium with 
new chaetae ; e', foliaceous outgrowth ; 
d, neuropodinl cirrus ; x, y, foliaceous 
outgrowths. 


taming the “Nereid” characteristics, or these immature forms 

may become “ Heteronereids ” * whilst the sexual elements are 

npenmg. There are then three different kinds of males ami 

of females in this one species, some being found at the bottom 

of the sea as the large Heteronereid form, while the small 

Heteronereid swims on the surface. The relations of these 

various forms to one another, and the causes leading to the 

"AnnOHdea CUctopodes du Golfe de Naples,” Supplement, 1870 • 
and Wistinghauscn, Mt. Zool. SUU. Neajtcl, x. 1891, p. 41. ’ 

. Ctoparede used the term “ epignmous ” for this phase ; El.lors employed the 

pr^iinC rC; ,- , he TS?*" “ Nereid " l*- “ a l° koi ' s .” midor the im- 
pression that the worm did not become mature in this condition. 
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assumption of a Heteronereid condition in some cases and not in 
others, are unknown. 

A somewhat similar phenomenon is exhibited by members of 
the family Syllidae. 1 In this family sexual reproduction is 
frequently accompanied by lhe_ asexual modes of fission and 
gemmation. In some genera, such as Eusyllis, Odontosyllis, and 
Exogone, there occur changes quite similar to those characteris- 
ing “ Heteronereis ” — that is, the posterior segments in which the 
genital organs exist become altered, so that the worm consists 
of two distinct regions, and is termed a “ Heterosyllis.” The 
most marked change is the appearance of a dorsal bundle of long 
capilliform chaetae in each of the genital segments (Fig. 148, I). 

But in other genera the hinder genital region of the body 
becomes separated, on maturity, from the anterior non-sexual 
region. Various stages of this “ schizogamy,” or fission into a 
sexual and a non-sexual zooid, have been observed in different 
genera. In the genus Syllis the first segment of the sexual 
zooid, aft ; its separation from the asexual zooid. proceed s to bud 
forth a head. The character of the head is alike in both sexes, 
though different species present heads of different shapes ; and 
as the worms were originally described as distinct genera, the 
names then given are retained as descriptive terms. Thus the 
“ Chaetosyllis ” form has only two te ntacles ; t he “ Ioda ” form 
has three tentacles and^a^pair of palps. One and the same species 
(e.g. S. hyalina ) may successively pass through these stages. 

With regard to the asexual portion, there is a regeneration of 
the tail segments after the sexual zooid has separated; and the 
number of segments so regenerated is usually equal to those that 
have become sexual. After a time these newly formed segments 
will produce generative organs, and take on the characteristic 
natatory chaetae, and this legion will in its turn separate. 

But in other genera, such as Autu/ i/tus, the re generation of 
segments may commence before the separation of the sexual 
zooid; and the head of the sexual zooid becomes budded out 
before separation from the asexual portion. So that the amnial 
now consists of two worms, each with its own head, separated by 

> Malaquin gives a detailed account of the asexual reproduction in SylMaem 
Jltcherchcs sur les Syllidiens, Lille, 1893, and in Jtevue Biol, d Bord dt la & , 

iii. 1x891. See also St. Joseph, “ Les annelides polychetes des cOtes de Dmara, 
Ann. Sci. Nat. Zool. (7th ser.) i. 1886, p. 134. 
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a region or zone of proliferation (Fig. 148, IV*). Moreover, in 
some species not only is the hinder part of the body converted 
into a sexual zooid, but the zone of proliferation becomes very 
active, and produces by gemmation a large number of segments, 
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Fio. 148. — Diagrams SJ* 

illustrating the 

various stages in Ij I w - - - d r 

the asexual forma- -i ^ jt “ - h : 

tion of & chain of 3 : -< ” - - 3 E 

zooids. (Modified Ai - A“j" _ j - 

from Malaquin.) q ^ q : A ' ? 

I, Heteronereid 3 I H - I : 3 ^ 

or Heterosyllid q 1 J ' - ^ i 

stage. A, Non-sex- “z5 • i C : 1 E 

ual ; A', sexual ^ II 3 f 

region of the body, — ; VV > — J . - • VC- z 

with modified ~ \kj// vAjjV 

’TtS*. The A* = & = fE&fe. 

hinder sexual re- 0 -■rz>!'.\Aj =r* 

gion, B, is similarly 3^E: =: » EE^;=rr 

modified, and will - ~3:??EEr ~E3£- : .r>^-- ~ B Er 

separate from the r-y^fczT — 

parent zooid, A, — 

and become an ^lyfe q^-viE; 

independent zooid. /\ 

III, .du/o/ylu*. ^ ' 

The hinder zooid, B, develops a head by budding before separation 
IV AuUAylus, etc. A zone of budding (,) makes its appearance in 
front of the head of B, and by its growth will give rise to a series of 
new segments in the middle o{ the l»ody. 

V, Myrianida , Aulolt/lus, etc. From this zone of budding a verv 
large number of segments have beeu formed, which have, further be- 
come ground so as to form three individuals, C, D, E ; B is the hind- 8 
most zooid, which is either formed from tlie hinder segment* of the 
parent zooid or is produced by budding, like C, D, E. 


D 



which become marked out, by the appearance of heads at intervals, 
into a number of zooids, in which genital organs will later make 
their appearance A chain of as many as sixteen zooids may be 
ornie in uto ytus ( Fig. 148, V) — the hindermost by conver - 
sion of the hinder part of the body of the originaf " stock ” the 
intervening zooids by gemmation. 

One original stock, or asexual zooid, thus produces several 

r°ff ldS - bufc the f are oni y of one sex for a given stock. The 
Hitr f ®® vera ^ important characters from the females; so 
eren , in ee , are the two sexes that before their history was 
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worked out by Agassiz 1 they were placed in different genera. The 
male zooid lias thus come to be known as PoJyhosl^uJui^Eig. 149, 
B). It has three tentacles and two bifid palps ; there are two 
pairs of peristomial cirri; the testes are confined to the four 
anterior segments, which are without natatory chaetae. The 
female is termed Sacc onereis, owing to the possession of a great 



Flo. 149 . — Myrianida fas - 
cut/a. (From Mnlaquiu.) 
The bright red markings 
of the living animal are 
here represented black. 
A, An asexual individual 
which has produced by 
budding from the zone ( z ) a 
chain of twenty-nine zooids, 
the oldest being labelled 
1, the youngest 29. B, A 
ripe inale zooid \Polybostri- 
chus ), with three tentacles 
and a pair of forked palps 
(p). There are Jixo un- 
altered anterior segments. 
C, A ripe female zooid 
(Sacconereis) with the palps 
fused with 1 " the prosto- 
mium ; s t the'veritral brood 
pouch projecting on each 
side ; t 9 tentacles. 

1 / 


ventral brood sac ; its head possesses no separate palps ; the 
peristomium carries only one cirrus on each side ; ova occur in 
every segment of the body, and may even extend into the 

hinder segments of the asexual zooid (Fig. 149, C). 

A further development of this process of gemmiparity is 
exhibited by Myriavjda. Here, there is no conversion of the 
hinder segments, but the normal preanal zone of proliferation 
gives rise to a large number of new segments. After a time the 
most anterior of these becomes a head, and thus a new zooi 

1 Alex. Agassiz, Boston J Nat. Hist . vii. 1863, p. 384. 
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is marked out. The zone of proliferation immediately in front of 
the new head now proceeds to form new segments, and a second 
zooid results. This process goes on till a considerable number of 
new worms have been formed at the tail of the original one, 
the oldest of these new ones being the most posterior, the 
youngest next the original “ stock.” In each zooid there is 
a zone of activit y: wh ich- adds to its number of segments, so that 
as we pass backwards the zooids increase in size. As many as 
twenty -nine such zooids may be formed in this way entirely 
by gemmation ; and as each zooid becomes completed, genital 
organs make their appearance, and when these are ripe the zooid 
separates from the “ colony ” and leads an independent life. Here, 
as in Autolytus, the sexes are dimorphic, the male and female 
resembling those of that genus. 

The process of gemmatiou, as seen in Autolytus, closely 
resembles that exhibited by certain Oligochaetu (Naididrte), 
where there exists a definite alternation of generations ; the 
production of new individuals by gemmation occurring through- 
out the greater part of the year^and sexual reproduction recur- 
nng only at certain intervals. In the Tolychaetu such alternation 
exists in Myrinnida ; but it is only the terminal link of a series, 
which takes its starting-point in the process exhibited by the 
majority of Annelids, where no sexual character marks maturity 
The next stage is presented by “ epigamous ” forms like Hetero- 
nereis and Heterosyllis ; then “ schizogamy ” makes its appear- 
ance in certain Syllidae, resulting in the formation of two 
morphologically and physiologically distinct individuals which 

r H ! d f ependent lives. / The appearance of a head and of a zone 
of proliferation leading to the formation of a chain of sexual 
zooids is accompanied by a delay in the appearance of the 
genital organs for 111 Autolytus these arise during the formation 
o le new in 'viduals, as part of the general process of new 1 
ormation ; whilst in Myrianida the delay is prolonged, and the 
generative elements do not make their appearance till after the J 
new individuals have reached some size. 

. siniple cases of the separation of the body into two 

L*' a8eXUal> 0CCur ako in some of the Serpulidae. • 

, v . % l 9 TailCL an d Salmacina the generative elements make 

m fc * 10 k* nc * er segments, as they do throughout 
1 ormia , and this hinder part of the body separates 
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from the anterior region after the formation of a new head 
between the two regions. 1 

Another modification of the process of budding and fission 

is exhibited by Sylhs ramosa, one of the most interesting forms 

of animal life which was obtained by the “ Challenger.” This 

worm consists 

of a main stem, 

whence arise a 

number of lateral 

branches, which 

may also branch 

so as to give rise 

to an arborescent 

colony (Fig. 150). 

The branches of 

the first and second 

and higher orders 

Fio. 150. — Portion of St/llis ramosa. ( Reducedfptrfn arise by budding 

M'Intosh. ) ^ 1 from the si(les of 

the original form or branches of lower order ; and some of these 
branches develop generative products, and bud forth a head 
near the point of attachment. These sexual branches, no doubt, 
separate from the colony and distribute the ova. The worm 
lives in a Hexactinellid sponge, Crateromorpha meyen, living in 
depths of 95 to 140 fathoms in the Eastern seas. 2 - 

Regeneration of lost Parts. — The process of budding and 
fission of the worm into two parts is merely an extension of that 
resulting in the formation of new segments when the worm is 
injured. In most of the Nereidiform Polychaetes the number of 
segments forming the body continues to increase throughout life 
by the formation of new segments between the anal segment and 
the one in front of it ; that is to say, there is normally a process 
of budding taking place at this point. Now in many of the 
longer worms it may be noticed that the segments of the hinder 
end suddenly become smaller than the rest ; these are segments 
newly formed to replace those lost by the worm. But this 
“ regeneration,” though the same in principle as ordinary growth 



1 Huxley, Eilinb. New Philosoph. Joum. 1855 , i. l>. 113 . , 

* “Challenger'' Hearts, vol. xiL 1885, “ PolychaeU, " p. 198 ; and Oka, Zoolog. 

Pen tralbl. ii. 1895, p. 591. 
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at the penultimate segment, is due to activity in a segment (any 
segment) further forwards ; iu other words, in the less modified 
worms every segment has the power of forming new tissues, just 
as each of the joints of a crab’s leg has the power of forming 
the remaining joints when injured. It is not therefore surpris- 
ing that a “ zone of budding ” arises in an uninjured worm at 
k certain seasons, viz. that of reproduction ; it is a property that 
each worm possesses, though generally it remains latent till 
injuiy provides the stimulua 

/Moreover, not only can new segments arise at the hinder end, 
but a new head can be formed at the anterior end, as has been 
observed in worms belonging to many families — in the less modi* 
fied Syllidae, 1 in others of the Nereidiformia, and even in 
S abellids, wher e the greatly specialised gill filaments can be 
reproduced. Thus Sir J. Dalyell 2 noted in Dasyc/ione that the 
crown of branchiae was regenerated in about a month in spring- 
time, while in winter the process occupied 116 days. He cut a 
Dasychone into three pieces ; the hindermost produced a head, 
the anterior piece developed an anus, and the middle portion 
formed both a head and tail ! 

These regenerated heads are of course at first smaller than the 
rest of the body, but soon grow to a normal size. Naturally 
this extensive power of regeneration is of extreme value to the 
Polychaetes, for if a fish or other enemy bites the head off a 
worm, a new one can form ; and it is not difficult to see in this 
the origin of the reproduction by fission as a normal process. 


/fwo io b? Ls " 8cr "*" 5 ' “ nd 

8 Da!yo11, ^ Powers of the Creator revealed, etc., vol. ii. 1853, j». 225 cl sen. 




CHAPTER XI 

NATURAL HISTORY OF POLYCHAETES GENERAL HABITS CHAR- 
ACTER OF TUBE AND ITS FORMATION COLOURING— PROTEC- 
TIVE AND MIMETIC DEVICES ——PHOSPHORESCENCE FOOD 

USES— ASSOCIATED WORMS WORMS AS HOSTS DISTRIBU- 
TION FOSSIL REMAINS. 

All the many hundreds of species of Polychaetes are marine, 
with a very few exceptions, which have been in recent years 
recorded from fresh (i.e. drinkable) water, viz. a species of Nereis 
from a lake in Mingrelia, another Nereis and a Lumbriconereis 
from running water in Trinidad, 1 a Sabellid, Manayunkia 
speciosa 2 from Philadelphia ; and another Sabellid, Coabangia, 3 
from fresh water at Tonquin, which lives in borings in shells 
of Melania ; and it is by no means improbable that other fresh- 
water Polychaetes exist in Lake Tanganyika in Africa, where a 
Medusa has recently been discovered. 

In brackish water of various densities many Polychaetes live , 
Arenicola especially is regardless of the character of the medium, 
and Nereis diversicolor appears to withstand considerable admix- 
ture of fresh water. 

The majority of the- Polychaetes occur “ inshore, that is, be- 
tween tide-marks and in shallow water down to 20 fathoms ; but 
they occur at all depths more or less abundantly, and some have 
been dredged from depths of more than 3000 fathoms. 

The nature of the soil composing the shore has a good deal 
to do with the number of worms to be found there ; thus in cal- 
careous districts they are fewer than in places where harder rocks, 

' von Kennel, Arb. Zool. Instil. TFOrzburg, vi. 1883, p. 259. 

- LeiJv, Pros. Aea/l. Aat. Hist. Philadelphia, 1883, p. 204. 

3 Oilin'], C. n. Sof. Biol. v. 1893, p. 473. 

Jr. 
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such us granite, form the shore line, for the chalk or limestone 
wears away more quickly, and exposes to destruction the worms 
which may have sheltered in its crevices : further, it does not 
give so permanent a place of attachment to seaweeds, on which 
many Polychaetes feed. The calcareous rocks, too, are more 
likely to be traversed by springs of fresh water, which is not 
to the taste of the worms. The sand resulting from the destruc- 
tion of the rocks, whether hard or soft, is of itself unsuitable to 
the majority of worms, which are most abundant where mud 
containing decaying vegetable matter is mixed with the sand : 
this, which gives a firmer consistency to the soil, so that the 
burrows retain their form better, supplies food for the burrowers. 

General Habits. — The division of the Polychaetes into the 
“ Errantia ” or free-swimming and wandering forms, and “ Seden- 
taria ” or tubicolous and sedentary forms, is a misleading mode of 
classification, for as a matter of fact only a comparatively few 
forms are really free-swimming throughout life ; the majority, 
even if they do not form definite tubes, burrow galleries for 
themselves in the soil, and these burrows are in many cases only 
rarely left ; this is true of botli groups. Amongst the “ errant ” 
Polychaetes nearly all the Eunicidae secrete a parchment-like tube, 
and some Polynoids form mud tubes. Among the “ sedentary 
worms ” there are forms which merely burrow ; while Myx icola 
readily leaves its gelatinous tube and swims freely ; Pcctinaria 
carries its house with it as it moves about, and Polycirrus , a 
Terebellid, does not form any tube at all. 

Owing to their sedentary habits, quite a representative collec- 
tion of genera may be made, especially at a spring title, at any 
seaside place which is provided with a sandy shore, and with 
rocks and seaweed. The larger species, however, require to be 
dredged, and the best time is at night, for then many forms 

which during the day are concealed in their burrows, will be 
issuing forth to obtain food. 

It may be useful to give instances of worms occurring in 
various situations between tide-marks. Throughout pretty well 
the whole of the area left uncovered by the tide, even up to nearly 
high-water mark in many parts of the coast, the cylindrical 
castings ot sand and mud, forming little heaps, indicate 
the burrows ol Arenicola, the common “ lug- worm ” ; these “ cast- 
ings have passed through the worm’s body, having been 
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swallowed during the process of burrowing as well as for the 
purpose of obtaining food, as in the case of the earthworms. 
Rather nearer the water may be seen little tufts of sand-threads, 
about an inch high, springing from a short piece of cylindrical 
sandy tube rising up out of the sand ; this is the head end of 
the tube of Terebel/a conchilega (Fig. 153). 

Amongst the rocks may be found loose stones of different 
sizes ; on lifting them up, various kinds of worms may l>e 
brought to light, according to the locality, the time of year, the 
position with respect to the sea, and so on. Polynoe is pretty 
sure to be present somewhere near low-tide mark ; the number 
of species is considerable, and their colouring very varied : but as 
the worms have a habit of remaining still on the under surface 


of the uplifted stone, the observer may easily overlook them. 


Other worms occur below the stones, more or less buried in 


the sand or mud ; for instance, a small Nereis may be lying in its 
temporary burrow immediately underneath, and will at once 
withdraw from the now injured part of the burrow ; while deeper 
in the mud or sand, especially in rather highly-smelling mud, 
little red worms are abundant, such as Scoloplos, Nerine, Capitelfa, 
and others. By digging near low water one may find Nephthys, 
Glycera, and others burrowing or hiding in the soil. 

In rock pools, or sandy stretches amongst rocks kept moist 
and cool by abundant Fucus, one may see under stones the red 
or yellow gill filaments of Cirratulus and of Terebellids protruding 
from their burrows and tubes, while other worms are to be met 
with in clefts of the rocks, and amongst the roots of Laminaria. 

Still farther out, below low -water mark, where one must 
wade, can be seen the beautiful branchial crowns of various 
Sabellids protruding from their tubes ; but care is necessary on 
approaching these worms, as eyes are, in many cases, present on 
the branchiae and a shadow is readily perceived ; then the 
brightly -coloured tuft disappears, and only a piece of sandy or 
muddy cylindrical tubing remains to tell where the Sabella has 
withdrawn. In order to obtain the worms one must dig quickly 
and deeply before they have been disturbed ; for the tube is of 
considerable length, and the inhabitant withdraws to the bottom 
of it. Some of these soft-skinned worms have the power of 
boring into hard rocks, 1 though by what -means they do so is 
J See M'Intosh, Ann. May. Nut. Hist. (ser. 4) ii. 1S68, p. 276. 
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uncertain. 1 Polydora riliata makes a tube of mud projecting from 
the mouth of U-shaped galleries in chalk, limestone, shells, and 
even shale ; it has no hard jaws or other 
structures sufficient to account for the holes, 
but it is possible that the specially strong 
chaetae on the sixth segment may be of 
some use in this work. Other litliodomous 
worms are Sabella saxicava and DodecaceHa 
co7icharuin, which is a common little borer, 
forming galleries in oyster-shells, etc. 

The tubes formed by these Polychaetes 
are very varied in constitution. 2 In some 
cases a mucus, which hardens to form a 
firm protective envelope, is secreted from 
special parts ( e.g . the ventral gland shields Fl °- •— tbi- 
of Terebellids and Sabelliformia), or from (from 
the greater part of the general surface of mal) • . "> Anterior,^, 

tne body , m other cases the secretion serves u, however, injured, 
to stick together particles of mud or sand, 
or shelly fragments, so as to form a more or less cylindrical 
tube (rarely branched), which is lined internally by the hardened 
“ mucus,” having the appearance of silk. 

But the process of tube-making is not a simple one, for in 
many cases, at least, the'-*worms exhibit definite powers of choice. 
Thus some species of Sabella choose only the very finest particles 
of mud ; Terebella conchilega chooses fragments of shell and grains 
of sand ; Onuphis conchylega employs small stones more or less of 
a size ; Sabellaria makes use only of sand grains. Whilst some 
worms, like Terebella, Nicomaxhe, and others, make a very irregu- 
lar tube, Pectinaria builds a most remarkably neat house 
open at each end, which it carries about with it, the narrow end 
uppermost (Fig. 152); the grains of sand are nearly all of the 
same size and only one layer in tliickness, embedded in abundant 
mucus, and with the outer surface quite smooth. 

the f“ de 80me most “ tere8tin 8 Observations on 

the method followed by sundry tube-formers in the building of 

‘ v 3 T” g “ id u -“- 4 f “ *"= -'“*»«• 

! Mv.'TVT *’’■ NaL HUL <“ r - 6 > >891, p, 1. 

Dalyell, The Poreere ofUu Creator rerouted, ii. 1858, p. 217. 
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their tenements, and these observations, though made nearly half 
a century ago, have required very little addition or correction iu 
modern times. In speaking of Sabclla, he writes as follows: — 



Fig. 152. 



Fig. 153. 


Fig 152. — The tnl ns of I'ectiHuria auricovia. x 3. 
(From MTutosli.) This is its natural position as 
carried about by the animal. 

Fio. 153. — The upper eiul of the tul*c of Trrebdla con- 
chiltga. Slightly enlarge*!. (From M'lntosli.) 


“Let a tall and ample crystal jar containing a Sabella be 
emptied of its contents and seedily replenished with sea-water; 
the 1 animal, if in view, has retreated daring the short interval , 
tl.e orifice of the tube is closed, nil is at rest But soon uftu 
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replenishment it rises, to display its branchial plume still more 
vigorously than before, and remains stationary, as if enjoying 
the freshness of the renovated element, always so grateful — the 
harbinger of health and strength to those whose dwelling i3 there. 
The passing spectator would conclude that he now beholds only a 
beautiful flower, completely expanded, inclining towards the light 
like some of those ornaments of nature decorating our gardens. 
He pauses in admiration. But if a drop of liquid mud falls 
amidst the element from above, disturbing its puritv, then, while 
the plume unfolds to its utmost 
capacitj', does the animal com- 
mence a slow revolution, the body 
also passing around within the 
tube. Now are the thousands of 
cilia fringing the ribs [i.e. the 
secondary filaments] of the bran- 
chiae discovered to be in vigorous 
activity, and their office to be 
wondrous. A loose muddy mass 
is soon afterwards visibly accumu- 
lating in the bottom of the fuunel ; 
meantime the neck or first seg- 
ment of the body, rising unusually 
high above the orifice of the tube, 
exhibits two trowels beating down 
the thin edge as they fold and 
clasp over the margin, like our F, °- 154 ‘ ~Ter<b<Ua conchiiega Puli, 
fingers pressing a flattened cake 

against the palm of the hand coUectiu » “"d grams (y) 

[This refers to the lappets of 

the peristomial collar.] During oftube - (After Watsou.) 
these operations muddy collections are seen descending between 

w “nolr aM [rig !‘ t “ d ^ *""»» the trowels! 
mav be in e ° r8 “- l> erl ' a l> s the mouth, i* also occupied, it 

StiU doU th P . U '! dlng the P re I >aration with adhesive matter, 
and of^ t ^ e , part,a , 1 . or com pi e te revolution of the plume above 

“"tV. 1 * sssr - l “ 

vol. 11 b Ih ' 8 ***' numerous tentacles in searching 

u 
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for particles of sand, etc. ; each tentacle is grooved along its 
ventral surface, and the particle is conveyed along the furrow to 
the mouth. These particles are actually taken into the mouth, 
and mixed with some sort of secretion ; on ejection again, each 
particle is placed by another tentacle in its position at the 

edge of the tube, and by means of its lower 
lip the Terebellid works it into place. 1 

But whereas the greater number of tubi- 
colous worms make use of adventitious mate- 
rial wherewith to strengthen the wall of 
their tube, the Serpulidae secrete carbonate 
of lime from their tube-glands, and mould 
a tube of this substance. Amongst the 
Eunicidae the secreted substance is of itself 
strong enough to protect the animal ; for 
in Hyalinoecia and species of Eunice the 
tube consists of a translucent, tough, parch- 
ment-like material. 

Chemical analysis has been employed in 
a few cases to determine the substance com- 
posing the tube. In the case of Hyalinoecia 
(sometimes erroneously called Onuphis ) the 
- material consists of a phosphoric salt con- 
^.US^Runiulibiana taining magnesia and a characteristic organic 
Pourt. X 4- tlie substance <■ onuphin ” ’ ; in Spiropraphu, a 
“. S (»i SabelUd. the name - spirographin * is given to 

protruding its head gpecial secretion, whilst in Serpulids tne 
op”Sfn g 0 r 0 f (F V ro"‘ organic base of the calcareous tube is “con- 
Ehle ”) chiolin.” 

The majority of worms are solitary, but there are a few 
instances of social worms-not that there is any eo-operatmn 
or distribution of labour amongst the mdmduak but they 
merely occur together in quantities ; thus the sandy tubes ot 

22- rr 

tubes to form masses. 

> tVataon. Joum. R. MU. Soc. 1890, p. 685; also D.lydl, “■ * 

. Schmiodeborg, ill. tool. SHU. NuLpd, iu. 1882, p. 3,3. 
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Whereas most worms live at the bottom of the sea, at various 
depths, a few are to be found at the surface. Purely pelagic 
habits are confined to a few families, viz. Tomopteridae, 
Typhloscolemdae, and the Alciopids and others amongst the 
1 hy] Uodocidae ; though Ifectocluuta, one of the Polynoidae, and 
°f hr y° troc} l “> one of the Eunicidae, are modified for this mode 

Ison g r ra become peiagic during the 

. All these ioims are excellent swimmers, and many 
ot tnem axe transparent. J 

The Colouring of Folychaetes. — The majority of Polychaetes 
quick y lose their colour in spirits, and become uniformly dull ot 

he^ h”T “ ’ITT' Th0re are a few - howev “. which retain 
their brilliancy, like Aphrodite and Chloeia, but in both cases the 

de n „f t t e tothe , beauti i' d hair - uke bristi “ -JS 

each sxde of the animal; in the former the colours of the rain 

^ Spe l lrnen8 which been kept in spirit for any 
ength of tune. The Polynoids, too, with their golden chaetal 

cowing" 11 But^the 8 ' ^ * r "" their ch ^teristic 

% ™ tbe colours of most Annelids are due to 

r . -ich ? z 

XhTvaTi r W ° raS b T ming m ° re » ^ deL'lorised. 

is due to Va a n ;ar“;;Ti“ f 6 Kr^.“ “ 

Z2VZ ; ihf rr tr 

Chlorhaemids is aimTrlduet chlo^T th % SabeUids - d 

the contents of the intlt o^ th^tTth ° °““ 

may affect the colour of the worm Tn r t ^„ COe } omiB fluid 

excretory products are retained in the skiT “ Ioured 

living in a yellow sponge, on which iffedT T 
mg matter is extracted and * reeds, the colour- 

kind - way green caSpmlt^o we theV^t to^f £ 
green leaves. But many of the Pnl/k f feedm S on 

pigments in the skin* thus in a ly baefces Possess distinct 

Kin, thus in Arenicola the dark pigment 

Ex P etL 1895. ^ MyUodocxden «. Typhio3coUcid*n d. Plankton 
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melanin has been recognised ; in Cirratulus and Nereis certain 
lipochromes; whilst Eulalia viridis contains a pigment allied 
to bonellein. These various pigments yield different absorption 
bands when a solution is examined with the spectroscope ; others, 
however, give no bands, but are distinguished by different chemical 
reactions . 1 The colour of the intestine of Chaetopterus lias been 
stated to be due to “ modified chlorophyll,” but it is quite a 
different substance. 

When seen in the living and healthy condition, however, these 
Polychaete worms vie with the very butterflies in their brilliant 
and beautiful colourings, and though our own worms are not 
lacking in beauty, many tropical and southern forms exceed them 
in gayness of tint. Bright reds, orange, yellows, greens, blues, 
rich violets, and sombre browns are all displayed . 2 

The handsome Terebella ncbulosa of our own coasts is coloured 
bright red, sprinkled with white spots. Nicomache lumbricalis 
is pink, with red girdles. Eunicids are frequently red or brown, 
and the red gills along each side, together with a brilliant 
iridescence, render these worms very beautiful. Nereids present 
a great range of coloration, from light green to sundry tints of 
brown and red in various combinations. Amongst the Serpulids 
our common S. vermicularis is a very showy little worm, with its 
orange body, its red gills splashed with orange, and its orange 
operculum streaked with red ; and a Southern form, Placosteyus 
coeruleus, occurring at the Cape of Good Hope, is provided with 
beautiful lavender- blue gills. Our own Sabellids present ex- 
amples of beautiful markings on the gills, in different colours ox 
in different shades of the same colour. Amongst Polynoids, P 
leucohyba, from the Antilles, has blue elytra ; Hemilepidia crythro- 
taenia, a long worm from the Cape of Good Hope, has the 
anterior end of its body covered with light blue elytra, whilst 
the uncovered part is orange, with a broad magenta-red band 


along the dorsal surface. 

The Phyllodocids are mostly very brightly coloured. The 
common P. lamelliyera of our coast has a bluish-green body, 
with olive-green parapodia ; but Lopadorhynchus erythrophyllum, 

i Lankcster, Journ. Anal, and Physiol. 1868, p. 114 ; and 1870 p. 119 ; see aUo 
MacMunn, ‘•On the Chromatology of the Blood in some Invertebrates, Quart. J. 


^For poured plcture/tf worms consult Scbmarda, “ Neuc wirbellose Thiere," 2nd 
part, 1861 ; Mihi Edwards in Cuvier's “ Regne Animal " (Ed. Disciples de Cuvrer). 
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from Jamaica, has a blue body with red para- 
podia ; whilst Xotophyllum niyriacycl um 
lias a brown body with longitudinal dark- 
brown stripes and yellow parapodia. Both 
these worms live in coral reefs, where 
brilliancy of colour is one of the character- 
istic features of the fauna. Other worms 
are of various shades of green : the dark 
green Arenicola with red gills ; the bright 
green Eulalia viridis ; the deep green 
Amphinome smaragdina, from Jamaica ; 
Gn-athosyllis diplodonta, with its green and 
yellow body, serve as examples. 

Patterns or “ markings ” may be exem- 
plified by Lepidasthenia elegans (Fig. 156), 
and Myrianida fasciata, which has a bright 
red band on each segment(Fig. 149, p. 280). 
From this brief list of examples it will 
be seen that beautiful, and even brilliant, 
coloration is not confined to any particular 
mode of life; many of the most typically 
tubicolous forms, like the Terebellids and 
Serpulids, are as brilliantly coloured as the 
most typically free-swimming genera, like 
the Phyllodocids. Carnivorous forms like 
Amphinomids and Syllids present as wide 
a range of tint as the limivorous forms 
like Cirratvlus, Sabella, or Maldanids. 
Shore-lovers, and deep-sea dwellers, and 
surface - swimmers, all exhibit equally 
bright or equally sombre tints; it is 
therefore difficult- and rash to dogmatise 
on the “ use ” of these colourings to these 
animals, or to point to this worm as 
being protectively, to the other as being 
wamingly, coloured ; for we are too ignorant 
as to the habits of the worms. 

Protective and Mimetic Devices.— 

From the point of view of “ protection ” in 
the evolutionist’s sense of the word, we can 
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say but little. Protective resemblance there is undoubtedly amongst 
the Polynoids, for the scales of these forms resemble more or 
less closely the stones or sand amongst which they live ; in the 
same species there is great variety in coloration. This protective 
habit is carried still further in the case of Psammolyce by the 
attachment of sand grains to little cups on the elytra, so that 
the back of the animal is concealed. Certain commensals, such as 
Poly not arenicolae, P. pentaxtes, are coloured so as to resemble their 
associates. In a few cases it is possible that the gills of Sabelli- 
formia are protectively coloured ; for in Sabella pavonia they vary 
from a light yellowish tint to a deep violet-brown, and the dark 
markings on them are therefore more or less distinct. Spread 
out as the gills are in life, they are in many cases difficult to 
recognise ; it is rather their movement as they are withdrawn 
that attracts one’s attention to them, as the tubes of these 
worms frequently serve for the attachment of brownish seaweeds, 
to which the gills bear resemblance. But, as a matter of fact, 
little work has been done in this direction, and speculation on 
the matter without evidence is worthless. Many pelagic forms, 
being transparent, such as Tomopteris and Alciopids, are no doubt 
protected by their lack of colour ; yet these forms present 
brightly -coloured spots, — the light- producing organs in the 
parapodia of the former, and the large dark eyes of the latter. 

Semper 1 mentions a case of possible mimicry in a species of 
Myxicola which lives in the clefts of a coral, Cladocora. The 
branchial funnel, when expanded, resembles very closely the 
expanded coral in size, colour, etc. ; but he points out that the 
species occurs in other situations, where its colouring is not pro- 
tective. Probably the “ mimicry ” is in other instances merely 
accidental. 

No doubt many Polychaetes may be “ wamingly coloured,” but 
experimental evidence is incomplete. Polycirrus ciurantiacus is 
bright red, with orange tentacles ; these worms were rejected by 
certain fish . 2 The animal has given up living in tubes as all its 
allies do, and it is the tentacles which appear to be distasteful 
to its enemies, for when irritated it coils itself up and wraps 

1 Semper, Animal Life, “ Internet. Sci. Series,” 1881, p. 401. 

a The experiments were made by Mr. Garstang at the Laboratory of the Marme 
Biological Association, and are recorded by Poulton in The Colours of Animals, 
“Intcrnat. Sci. Series,” 1890, p. 201. 
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itself round with its tentacles. Moreover, when the tentacles 
were cut off the fish did not reject the body of the worm. The 
tentacles are thus coloured in such a way that fish recognise 
them, and associate with the colour some distasteful property. 

Phosphorescence. — Many worms of very different habits 
have the power of emitting a light from some parts of the body, 
and they are then said to be “ phosphorescent .” 1 Probably 
Ckaetopterus is most eminently photogenic ; the base of the great 
“ wings,” the “ fans,” and other parts emit, on stimulation, an azure 



\f 

* 


ii* 


J' » 

* M \ 


Fia. 157. —ChtuUypUru* variopcdatus Ken. x On the left the entire animal, with 
the three regions A, B, C. c, Peristomial cimis ; d % “sucker’* ; ^ the great 
wings ; fan ; m, mouth. On the right the animal is represented in the 
dark, under stimulation, so as to exhibit the phosphorescent portions of the body. 
(From Pancen.) * 


blue to greenish light, so bright that one may read one’s watch 
by it. Several species of Poly not exhibit a similar phenomenon, 
each elytron, with the exception of the area of attachment, being 
brilliantly illuminated. In these species the phosphorescent 
elytra are frequently thrown off by the animal, so that possibly 
they deceive enemies. Polycirrus aurantiaeus produces a beautiful 
vio et p osphorescence ; usually its many tentacles alone show 
the light, but under strong stimulation the entire body takes 

1 Panceri, Atli Acad. Sri. Napoli, vii. 1875. 
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display, and no doubt the phosphorescence has, like 
the colour, a “ warning ” purpose. 

The production of the light in these various forms is apparently 
due to two different processes. In some cases, e.g. Cluwtopterus, 
Syllids, Terebellids, it appears to be due to the oxidation of 
certain cell contents w^Hfere discharged more or less freely on 
irritation of the nerves^whilst in Polynoids the phenomenon 
is due to some purely nervous process, for the elytra have no 
glands, but are provided with ganglia and a nervous network. 

In other worms, however, there are definite light-producing 
organs. In Tomopteris there is on each parapodium, above and 
below, a brightly-coloured spherical organ, which for a long time 
was regarded as an eye, but from its structure appears to be 
a “photogen ” (Fig. 167, p. 315). The same is very likely the 
true explanation of the segmental “ eyes ” of Polyophthalmus, for 
their structure recalls that of the light-organs of deep-sea fashes. 

As many of the phosphorescent Polynoids are commensals, 
while Chactopterus inhabits tubes, and close allies ot other 
phosphorescent worms have no power of emitting ig i , 1 
impossible to apply the same explanation of its 
all cases alike; in some it may be “accidental, thoug in 
it in be ofr definite use in warning enemies or in attracting 

of Worms. — The Nereidifannia.arc mostly carni- 
vorous, and feed on small Crustacea, Mollusca, fmonffes - 
other animals; and^olyfloids are even said » ea ^ 

Many worms do tfoTdisdain various seaweeds, 
formia and Scolecifoimia, whickAyrrow in mud ^ 

without biting organs, swallow the mud and diges Crvnto- 

or vegetableUSbris it may contain. The Terebellids 
cephala depend on minute organisms which may be driv 
the mouth by the action of the cilia of the gills or tentacles. 

In the case of deep-sea forms, it is -an 
the intestines are not uufrequently crammed with Kadiolar 

and Foraminifera in a fairly fresh, uninjured condition, 
that these Khizopods do not merely sink to the bottom, b 

actually live there. 1 . 

The economic purposes to which Polychaetes are put are 

few I they are used either as bait for fishes or as food for man. 

M'Intosh, H.M.S. “Cl.allenger“ Reports, “Polychaeta," vol. *»• 1>- 
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One of the commonest baits used for certain fish, as all who 

ha\e done any sea-fishing off the piers of our coasts know, is the 

common lug- worm ( Arcnicola marina), whilst Xcphthys caeca and 

JVereis fucata are also used in some places ; and for whiting 

Nereis cullrifera and N. divcrsicolor. Marphysa sanguinea, 

known to the fishermen in some parts as " varme,” is less fre- 
quently used. 

A peculiar worm— Palolo viridis—is used as food by the 
natives of Samoa and Fiji. The worm is similar to our Eunicid 
lysuhcc mnetta, and lives in fissures among corals on the reefs 
at * depth of about two fathoms. At certain days in October 
and November they leave the reefs and swim to the shores of 
the above islands, probably to spawn ; and this occurs on two 
days in each of the above months— the day on which the moon 
is in her last quarter, and the day before The natives, who call 
the worm “ Mbalolo,” give the name “ Mbalolo lailai ” (little) to 
October, and " Mbalolo levu " (large) to November, thereby in- 
dicating the relative abundance of the worms in these two 
months. The natives eat them either alive, or baked, tied up in 
leaves; and they are esteemed so great a delicacy that presents 
of them are sent by the chiefs who live on shore to those living 
inland. A dark green-blue Phyllodocid, which is called « A'oon ” 

occurs in abundance off Mota Island, amongst the New Hebride^ 
has similar habits, and is also eaten. 1 ' 

Associated Worms. A considerable number of worms live in 
association with other animals, either as commensals or as para- 

“ 18 TV* 1 0486 p0SSible t0 decide in what relation 

two animals stand. Labrorostratus parasiticus, a Eunicid is 

158) such a b ° y -T Vity v 0f 0dontos yH* s ctenostomatus (Fig. 
158), such an association between two members of the Lm e 

group of animals is peculiar ; but still more exceptional is the 

ZZZZ ^ ae .r fec ^“ ‘guides, as a parasite in Marpl,y Sa 
S i p both parasite and host are members of the sire 

o^um 'in the M > r° ther Eunicid ’ ionelliae. 

oecum m the body^vtty of the Gephyreaa 

dromvs flJZus occm Z'ecZTaZ'tiJ 7 * ‘ he . Hesionid °P hi °- 

in the ambulacml grooves of^C^w T COIa “ ensal8 ) 
An • 4. * j the 8tar fish Astropecten aurantiacus. 

An Amphmomid is stated to live in the branchial chamber of 
■ For account of these worn. «. M'In.oah, he. eU. p. 267. 
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the barnacle, Lepas anatifera. Alc.opina parasitica, lives, during 
the early stages of its life-history, within Cydippe, and it is possible 

that most of the Alciopids thus make use 
of Ctenophores as their nurseries. 

A considerable number of the Polynoids 
are ectoparasitic : P. castanea lodges in the 
peri-oral region of Spatangus purpureus, and 
in the ambulacral grooves of Astropecten ; P. 
( Halosydna ) bairdi lives between the mantle 
and foot of the mollusc Fissurella cratitia ; P. 
pentodes is found on the body of the Holo- 
thurian Cucumaria pentactes, and appears to 
be protectively coloured. P. (Antinoe) para- 
sitica lives under the elytra of another 
Polynoid, and P. acanellae on the coral 
Aca ella normani. 1 2 

As commensals there may be mentioned 
» Nereis fucata, which lives in the upper coil 

of whelk-shells which are inhabited by a 
^ ' hermit crab. The same shell usually bears 

F,Q '2ho;^%Z!°Zm, » particular sea -anemone, so that there are 
(L) Labrorostratua three animals living together in or upon the 

ThJ cast-off house of a fourth. Siphonostoma is 
parapodia and cirri found in the u nests ” made by the mollusc 

Ill Lima. A Eunice is constantly associated 
body. (After St. with the coral Lophohelia, proli/era, amongst 
Joseph., x 4 . branches of which the worm twines its 

tube ; whilst another Polychaete inhabits a tube formed by the 
interweaving of the fine branches of the coral Antipathes filix, 
found in the West Indian seas. A species of Polydora forms its 
tube in Heliopora. The Polynoids present many instances of com- 
mensalism, a few of which may be here mentioned- P. johnstom 
Marenz. is only found in the tubes of Terebella nebvlosa ; other 
species occur in the tubes of other Terebellids. P. marphysae 
lives in tubes of the Eunicid Marphysa sanguinea. Two species 
live in the tubes of Chaetopterus. P. extenvxita has been found 
in tubes of Serpula vermicularis, while P. arenicolae occurs on 


1 For a list of parasitic Polychactcs see St. Joseph, Ann. Sci. Nat. (ser. 7) v. 1888, 
p. 141. 

2 Semper, loc. cit. p. 340. 
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the body of the common lug-worm, with the colouring of which 
it closely harmonises. 

Worms as Hosts. — The Polychaeta serve not only as food 
for fishes, Crustacea, and other predatory animals of larger 
size, but are also liable to be the hosts of parasites 1 such as 
Gregarines, and even, as we have seen, of other members of 
their own group. Sundry ectoparasitic Copepoda have been 
found attached to worms between the parapodia or to the sides 
of the feet, and an unnamed Copepod occurs attached, sometimes 
in considerable numbers, to the sides of Nereis cultrifera. The 
Polychaeta also act as protectors to other animals, for on the 
under surface of elytra of sundry Polynoids may very frequently 
be found specimens of Loxosoma, which may also be attached to 
gills of Euriicids ; whilst below those of Aphrodite echidna and 
Hermadion pellucidum, Pedicellina belgica occurs. Under the 
felt of A. aculeata the Sabellid Branchiomma vigilans forms its 
tube, and Yorticellids may be found on chaetae, gills, or other 
parts of the body of sundry worms. 

Distribution. — Very little can be said in a brief way of the 
geographical distribxdion of these worms, for many of the genera 
are cosmopolitan, although only a few species occur in all the 
great oceans, eg. Polynoe imbricata, Ilycdinoecia tubicola, Nerine 
( Scolecolepis ) cirrata, and Terebellides stroemi. 

As for species, it can be said generally that the different 
oceanic areas and even different coasts present different species, 
but we know practically nothing of variation amongst Polychaeta! 
and many so called species may be mere local varieties, for 
frequently the descriptions of “new species” are scarcely intel- 
ligible. At any rate we know that certain species occur at 
widely separated localities, for two or three species of Polynoids 
occur in Japan, and again at Dinard on the French coast. A 
considerable number of species are common to both sides of the 
North Atlantic ocean, having been obtained off Norway and 
m the Gulf of the St. Lawrence. A few of these which are 
common on our coasts may be enumerated -.—Nereis pelagica, 
Nucomache lumbricalis, Olycera capitata, Thelepus Cincinnati, 
ocoloplos arimger, Sdbella pavonia, Ophelia limacina, Aphrodite 

aculeata Trophonia plumosa, Polynoe squamata, Capitella capi- 
tata, Sthenelais limicola, 

1 See “Challenger Reports,” and St. Joseph, loe. cii. 
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As for bathymetrical distribution, 1 many genera occur at all 
depths, though Polychaetes appear to be most abundant, as far as 
we know at present, in “ shallow water ” — that is, down to twenty 
fathoms or so ; but this may be due to the greater facility of 
collection on shore and in these slight depths, for the “ Challenger ” 
obtained considerable numbers of new species at greater depths. 

The “ deep-sea ” forms are chiefly tubicolous, and since these 
tubes are fixed and partially embedded in the bottom, probably 
comparatively few are brought up. Some genera occur at very 
great depths ; thus the Terebellid Leaena abyssorum and the 
Serpulid Placostcyus benthaliunus were brought up from 3125 
fathoms — the greatest depth from which Polychaetes were 
obtained by H.M.S. “ Challenger ” ; and it is interesting to note 
that species of each of these two genera occur in shallow water, 
the Serpulid being represented in our own coast fauna by P . 
tricuspidata. 

Amongst our own fauna, a few examples may be given of the 
“ replacement of species.” 2 The littoral Stlienelais boa is repre- 
sented by S. limicola in deeper water ; Sabellaria alveolata by 
S. spinulosa; Polynoe imbricata by several deep-water species. 
Similarly with genera : the littoral Pomatoceros is replaced by 
Serpula in deeper water ; and the Hesionid Psamathe by Castalia. 

The limitation of species to certain regions, or to certain 
depths of an ocean, may appear at first sight peculiar, in view 
of the unrestricted communication between all its parts; but 
there are as efficient “ barriers ” there as on land, for generally 
a particular worm can live only in a certain temperature and at 
a certain pressure, and is dependent for its food on particular 
organisms, which in their turn depend on the depth and its 
accompaniments. It is, in fact, so much the more peculiar that 
certain species are more or less cosmopolitan, or occur at widely 
distant points. It is less peculiar, of course, to find different 
species of the same genus at different depths or in different areas, 
for any slight variation in a species advantageous to new con- 
ditions would readily be fixed, and give rise to a new species. 

The distribution of the Tolychaeta depends probably on the 
pelagic larvae, which are carried by currents from one part of an 
ocean to another. There can be little doubt that many To ) - 

> “Challenger" Roports, loc. eit. p. xxx. 
a See Hornell, Fauna of Liverpool Bay , Report III. 1892, p. 126. 
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chaetes are very “ plastic,” and can adapt themselves to changed 
conditions of life with considerable ease ; for Kereis divcrsicoloi-, 
Arenicola marina, and others live equally well in water of very 
different densities, and with a different food supply. The great 
variety in the “ habitats,” and presumably therefore in their food 
supply, etc., exhibited by many Polychaetes, as well as the great 
variation observable in some species 
of Polynoina, and the close affinity 
of the species and genera of this 
sub-family, lead us to the same con- 
clusion. 

Extinct Polychaetes. — The most 
numerous fossil records of the Poly- 
chaetes are calcareous tubes of vari- 
ous shapes and sizes ; they are 
irregularly or spirally curved, and are 
very usually attached at one end, or 
by one surface, to stones or to fossils. 

These tubes belong to the Serpu- 
lidae, and are referred to the genera 
Scrpula, Spirorbis, Ditrupa, and 
others. 1 

Spirorbis is the oldest unequiv- 
ocal representative of the Poly- 
chaetes, as its tubes are found more 
or less abundantly in the Silurian 
and other Palaeozoic strata. In 
Palaeozoic times Serpula was rare, as 
it was too in the Trias and Idas, but 
in the J urassic strata it becomes abun- 
dant. In the chalk, 8. socialis may 
occur in masses like S. uncinata of 
the present day, forming " Serpulito 

chalk.” In the older tertiaries the Fw. 159.— F.uniciUs avitu3 Ehi. a 
genus is represented by Smrulaea. f ? ssil woriu fro,n th* lithographic 

7» 1 ;/ t ... . slat« of Soleuhofen : the jaws arc 

1 ercbella laptll aides occurs in the seen in frout, and the ncicula 

Lias as a cylindrical, more or less 
curved tube of sand-grains. 

Amongst the Nereidiformia the remains are fewer, but the 
1 Zittel, Handbuch d. Palaeontologie (Palaeozoologic), L 1876-80, p. 662. 
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acicula and the hard jaws are preserved in certain rocks, and 
can be referred to existing families. Eunicites avitus 1 is repre- 
sented by a double series of acicula, indicating the parapodia of 
the two sides ; and by remains of both upper and lower jaws (Fig. 
159). Four different species of the worm have been described 
from the lithographic slate of Bavaria, of Jurassic age ; and 
several upper jaws of other Eunicids have been discovered in 
the Palaeozoic beds of Canada and Scotland, and have received 
the names Lumbrinereites, Oenonites, and Arabellites, in reference 
to their nearest allies amongst living genera. 

There are, however, numerous remains, in the forms of tracks 
or casts, in the earlier rocks, which have been referred to the 
Polychaeta. The names Crossopodia, Myrianites, Nereites, Phyllo- 
docitcs, have been given to some of these traces, though they are 
open to numerous other interpretations. Some of the “ tracks ” 
are similar to those made by living Crustacea in walking 
over wet sand ; others appear to be the casts of some animals. 
Tubular burrows in rocks or fossils, some straight, others 
U-shaped, have received such names as Arenicolites, Scolithus, 
Histioderma ; whilst under the name Lumbricaria certain cylin- 
drical, coiled structures, resembling worm “castings,” are met 
with in this same lithographic stone of Solenhofen. Many of the 
tubes referred to Polychaetes by the earlier palaeontologists have 
been transferred to other groups ; thus Cornulites is now believed 
to be a Pteropod shell 

This very meagre geological record is quite insufficient to 
form any basis for a phylogeny of the group. And this 
poor supply of remains is not surprising, when we consider the 
soft nature of the tissues, the absence, in the majority of families, 
of skeleton and of other parts which could have been fossilised , 
yet we might have expected a greater abundance of fossilised 
jaws than unrepresented at present. But it must be borne in 
mind that the conditions of life of these soft-bodied animals are 
not conducive to their leaving abundant fossilised remains. 

1 Elilers, ZtiUchr. f. wiss. Zool. xviii. 1868, p. 241. 
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SPECIES THE MYZOSTOMARIA. 


Systematic. — The Order Polychaeta may be divided into two 
branches, in one of which, the Phanerocephala, the prostomium 
retains its ancestral condition as a lobe overhanging the mouth, 
and frequently carries, in addition to paired eyes, certain sensory 
processes of a simple structure, the tentacles and palps ; the body- 
segments are more or less alike, and (except in some Spioni- 
formia, some of the Terebelliformia, and the Capitelliformia) do 
not present two sharply marked regions, owing to the differential 
arrangement or character of the chaetae. In the second branch 
the Cryptocephala, the peristomium grows forwards during 
development so as to compress or even hide the prostomium 
winch thus becomes a very insignificant organ. The tentacles 
are reduced, but the palps become greatly developed and take 
on sundry new function* The body in this group, by the 
character and arrangement of the chaetae, is distinguishable into 
a thorax and abdomen, presenting certain internal differences. 

comm™ tw ° bra 1 nchea ma 7 be supposed to have arisen from a 
common ancestor having a general resemblance to a nereidiform 

“'It r P^P 8 and tentacles on the pro- 

stom urn, definite parapodia and cirri on the body, and internally 

a weU-marked and regular repetition of organs. 

I he branch Phanerocephala contains the following five sub- 

— vxs: ?“■“ ■ k ”™ * 

tades^nT* nal™ • Nereidi f^ rmia have well -developed ten- 

P P > e penstomium almost invariably possesses 
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special cirri ; the parapodia are well-marked locomotor organs, 
supported by acicula, and carry dorsal and ventral cirri. The 
chaetae are usually jointed, though unjointed ones may coexist 
with these ; uncini are never present. An eversible buccal region 
leads into a muscular pharynx, which in the majority is armed 
with chitinous jaws ; the septa and nephridi a are regularly 
repeated throughout the body. The worms lead a predaceous life, 
and are mostly carnivorous ; a few form tubes. 

Sub-Ordek 2. — The Spioniformia possess neither tentacles 
nor palps ; the peristomium usually carries a pair of long 
tentacular cirri, and extends forwards at the sides of the pro- 
stomium. The parapodia project only to a slight degree ; the 
dorsal cirri may attain a considerable size, and act as gills 
throughout the greater part of the body. The chaetae are 
unjointed ; uncini are only present in the aberrant Chaetopterus } 
The body may present two regions more or less distinctly marked 
externally, but without corresponding internal differences. The 
buccal region may be eversible, but there are no jaws. Septa 
and nephridia are regularly developed. The worms are burrowers, 
or tubicoloua 

Sub-Order 3. Terebellifoi'mia. — The prostomium is a more or 
less prominent lobe (upper lip) with or without tentacles but 
without palps. The peristomium may carry cirri or “ tentacular 
filaments.” 2 The parapodia are feebly developed ; there are no 
ventral cirri ; the dorsal cirri may exist and function as gills 
on more or fewer of the anterior segments. The chaetae are 
unjointed, and uncini are usually present. The buccal region 
is not eversible; there are no jaws. The septa are usually 
incomplete, with the exception of one strongly-developed “ dia- 
phragm ” anteriorly ; the jiephri di^re_dimo^hic i Jhose of the 
anterior (prediaphragmatic) segments are of large size and aie 
excretory ; the posterior series are mere funnels, and act as 
genital ducts. These worms are burrowers or tube-formers, and in 
the majority the tube-forming glands are grouped on the ventra 
surface of the anterior segments to form “ gland-shields. 

i The Chaetoptoridae may have to be placed elsewhere in the system, as they a£ 
peculiarly modifled, and present features recalling the Cryptocephala, fr 

b . 'Z: vii. .887, 889 note, 

tentacular filaments of Cirratulids are really prostomial, but have shift* 
to the pcristoraiuin, or even farther. 
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Sub-Order 4. — The Capitclliformia have no prostomial pro- 
cesses, but possess a pair of large retractile “ ciliated organs.” The 
parapodia do not project; the chaetae are unjointed, and are 
hair-like in the anterior segments and hooded “ crotchets ” 
posteriorly; this external division of the body does not corre- 
spond with definite internal differences. There are no cirri, though 
special “ gills,” often retractile, are frequently present The buccal 
region is eversible ; there is no armed pharynx. An " accessory' 
gut ” or “ siphon " exists. The nephridia are small, and somet imes 
more than one pair in a segme nt: spfiei.il genit^rSTnn^TQ exist 
111 hiore" or fewer of the anterior segments of the hind body. 
There is no system of blood-vessels ; the coelomic corpuscles are 
red. The worms are bummers. 

Sub -Order 5. — The Scoleciformia possess a prostomium, 
which rarely (Chlorhaemidae) carries any sensory processes ; the 
peris tomium is without cim (except, perhaps, in the Chlorhae- 
midae). The parapodia are ill developed, and may be absent ; 
only rarely are dorsal cirri present, acting as gills ; ventral cirri 
are absent The chaetae are unjoin ted ; true uncini are not 
present. The buccal region is eversible, but there is no armed 
pharynx. The septa are not regularly developed, as more or 
lewer are absent, a nd the nephridia are consider ably reduced in 
number, it may be to a^rngle pair (Sternaspid^e' and some 

bureotem n e)> ^ ^ The wonus mostly 

The branch Cryptocephala contains two sub-Orders 

hidden"’^ ^ t' Sa '* lli f m - mia —' The prostomium is entiraly 
taclt 1 cxtensiou of ‘he peris tomium ; the ten- 

small l™ h V6r f 8ma11, bein S frequently represented merely by 
Ztlv d , ,rr-“ 113 ; the pa 'P S - «“ the other hand! are 

Simtor P 'n ran d ’ and COI “ aiu Wood-vessels, acting as 

“ S "T “ S Sem0 ' 7 ° rganS - The P»ri^tomium never 
°‘ n , ” ch “ tae > it ia usually raised up into a pro- 

B, 1“ f US i m fashi0 »i»S the Up Of the animal's tube. 

iu ther.,! , m , are . Kt feeW y developed ; cirri are absent, except 

to form W lere dorsal and ventral cirri become united 

of tt , tLOrUC10 me,ubra " e " (Moyer). The chaetae are 
) huids unjoin ted, hair-like, fringed bristles and “ uncini.” 

nep hriail Probal ’ le tlU “ 0,8 Benil * 1 ducts of ^knuayi, and Clilorhacmids are modlded 
VOL. II 
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By their arrangement the body is divided into a thorax of nine 
segments ana an abdomen ; in the former the capillary chaetae 
are dorsal, and in the latter ventral. The buccal region is not 
eversible ; there is no pharynx. The septa are regularly developed 
in the abdomen, but are absent in the thorax ; the nephridia are 
dimorphic ; there are two large ones in the thorax opening by a 
median dorsal pore just above the brain ; those of the abdomen 
are small funnels, and act as genital ducts. The worms are 
tubicolous ; “ gland-shields ” are present on the thoracic segments. 

Sub-Order 2. Hermelliformia . — The peristomium (Fig. 135) is 
enormously developed, and forms a bilobed hood capable of closing 
over the mouth ; the truncated free end of each lobe carries three 
semicircles of peculiar chaetae, which act as an efficient protec- 
tion when the worm is withdrawn into its tube. The prostomium 
is very small, but retains a pair of well-developed tentacles ; the 
palps, which are subdivided as in the Sabelliformia, have become 
fused with the ventral edges of the peristomium, and appear as a 
series of ridges on each side, carrying numerous filaments. The 
thorax consists of five segments, the notopodia of three of which 
are well developed and bear strong chaetae ; dorsal cirri are 
present along the greater part of the body, and act as gills. The 
arrangement of the chaetae and of the internal organs is as in the 
Sabelliformia. The worms form tubes of sand. 


BRANCH A. PHANEROCEPHALA. 

Sub-Order 1. Nereidiformia. 1 

Fam. 1. Syllidae . — These are small worms, the majority being 
less than an inch long, so that they are not easily observed. 

i The character of head and parapodium in each family will be ^hered 
figures accompanying the general description in Chap X so that ^ 

tinn i* unnecessary In all cases the chaetae form valuable specific characters. 

The examples of the various families are British, unless th ° “il^loJh 

stated ; but most of them are not confined to our shore., and the f gn 
tics are usually given. No attempt is made to enumerate a the Bntishspec 
The following books may be found useful for identifying the 
Claparede, Jbdtorito an*. sur to AnnXidcsobscrcte da ns £**"*<■ 

1 Annllidts ChUopodrs du <jolft dt Naples, 1868 and Su l‘l*’ > 7 . 

Cunningham and Ramage, “ Polychaeta Sedentana of the Firth of Forth, 

Roy. Roc. Edinburgh , xxxm. 1888, p. 635. 
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The body consists of a fair number of segments. 1 In many 

genera a dorsal bundle of unjointed, natatory chaetae makes its 

appearance at maturity. The palps, which are grooved, are in 

some cases so united with one another and with the prostomium as 

to be scarcely recognisable. (For head see p. 26 2, and for feet 

see p. 264.) The pharynx is armed with one or more teeth. 

There is a special gizzard, following the pharynx, and provided 

with thick, muscular walls of peculiar structure. Following the 

gizzard, the oesophagus receives in many genera a pair of 

T-shaped diverticula, that are used for storing water, which is 

swallowed with food. These diverticula are absent in Autolytus 

and other free - swimming forms. The reproduction of the 

members of this family is interesting, and has already been 
described (p. 278). 



Fla. 160—Sy//W armillarU Mull. x 2. (From Johnston.) The head is to wants 

the right 


Splits .-— The tentacles and cirri are moniliform ; the palps 
large; there is a single dorsal tooth, which is provided with a 
P ' n S^ind, the d ^ct of which opens near its apex ; it is used 

ZlZ v^ hhing itS Prey than for and taring s 

sand it E 6r8, I 8 abundanfc under stones . and forms tubes of 
five tn • an incb long, and consists of some eighty - 

mav read!w\" fiV ^ marked with yellow bands. It 

dilated ali/r lden ?^ ed lo nger dorsal cirri, terminally 

ate^ritornatang with shorter ones. & cornuta Rathke, has a 

green body, about half an inch long; no alternation 
Ehlere, DU BorsUnxoilrmer, 1868. 

M'Intosh, “Britah A^Pd < ^ t t l0gU ° of Non- Parasitical Worms,** 1865. 

Fauna of St Andr^^ Tr «™-„ Zo ° l - s <*. ix. 1877, p. 371 ; “ Invert. Marino 

Malmgren, “Nordiska Hafa May ' Nat - Hist - (*> »'*. 1874, p. 144. 

1865, pp. 61 181 S/ ^^* VSv*r*igt af K. VU.-Akad. Pbrhandlingar, 
St Joseph ‘‘Lea’ * ‘ Ann,dat a Polychaeta, " ibid. 1867, p. 127. 

(7) vol. i. 1886 P 12 ? POl ?«if te3 dCS COtCS de Dinardl '’ An ' U Sci - Kat - ( Zo01 -) 

1 Malnquin 5 V 88 cf\, p - 141 5 XVU - 1894 ‘ 1 : “* 1895 ’ P- 185. 

also Haswell, Quart J 1“ Syllidiai3 > 1898 5 for structure of the gizzard, see 

’ WTt ‘ Mlcr - Zcu xxvi. 1886, p. 471 ; and xxx. 1889, p. 31. 
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of cirri. [Mediterranean, Atlantic, on the Norwegian coast, off 
Spitzbergen, and on the Madeira coast. S. armillaris Midi is 
very common at low water ; it is pale yellowish-brown, with a 
couple of dusky marks on each segment ; and measures 2 inches. 
The dorsal cirri are quite short, consisting of only eight to ten 
joints. In Pionosy/lis the tentacles and cirri are not monili- 
fonn ; a single dorsal tooth. P. malmgreni M‘L under stones. 
Sphaerosyllis . — The dorsal cirri are swollen at the base, and 
are not moniliform ; the long palps are fused along nearly their 
whole extent. S. hystrix Clap, is only about one-eighth of an 
inch in length. Exogone Oerst. Grubea Qfg. 

Autolytus . — The small palps are entirely fused with the 
prostomium ; the pharynx, which is bent upon itself, is armed 
with a circle of denticles. Dorsal cirri somewhat foliaceous. 
There are no ventral cirri. The male and female differ from one 
another and from the asexual “ stock ” (see p. 279). A. pictus 
Ehl. is abundant under stones. It measures about two-thirds of 
an inch in length, is darkly coloured with a median lighter band , 
the anterior dorsal cirri are long. A. prolifer MiilL is common. 

Myrianida fasciata Milne Edwards, with its foliaceous cirri, 
occurs off our coasts (see Fig. 149, p. 280). Atlantic, Mediter- 


ranean. . . 

Fam. 2. Hesionidae . — The body is relatively short, with only 

a few segments (sixteen to fifty, according to the genus) ; m the 
larger forms it is cylindrical. The parupodium is usually um- 
ramous ; the dorsal cirri are long and multiarticulate ; the chaetae 
are jointed. The prostomium carries, in addition to four ejes, 
two or three tentacles, and generally a pair of jointed palps. 
The peristomiuin and two or more of the following segmen 
are achaetous, and carry long “ peristomial cirri. The pharynx 


is very long but unarmed. 

Psamathe Johnston, has many segments; head with two ten- 
tacles and a pair of three-jointed palps. P. fuse a Jnstn 
amongst coralline Algae, to whicli it bears some resemblance, 
which is heightened by the moniliform cirri. It is a small wo , 

less than an inch in length. Mediterranean. Caslal, ‘‘P“" c 
Mull is dirty green or brownish, with a narrow purplish 
each side. It occurs in deeper water than the 
Ophiodromus the head has three tentacles; the pa ‘ 
jointed ; there are six pairs of perrstorund cum , the parapodr 
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are biramous. 0. r ittatus Sars is dredged in numbers off the 
Scotch coast, and is found also at low tides. It measures 2 
inches in length. A closely allied species lives in the ambulacral 
grooves of the starfish Astropecten. 

Fam. 3. Aphroditidae } — The most characteristic feature of 
this family, and one by which its members are absolutely distin- 
guished from all other Chaetopods, is the possession of scales or 
“ elytra ” on the back. These flattened dorsal cirri are of a some- 
what horny texture, and are carried, generally, on alternate 
segments of the body ; filamentous cirri occurring on the other 
segments. In the sub-families Hermionina and Polynoina the 
elytriferous segments are 2, 4, 5, 7, 9, etc., up 
to 23 ; then every third segment. The 
worms are usually short, with some thirty- 
five to forty-five segments, though Sthenelais 
and a few others have many more. (For head 
see p. 262, and for parapodium see pp. 265, 

268.) The pharynx is very thick walled, and 
furnished with two pairs of jaws, which are, 
however, not hardened in the sub-family 
Hermionina.. The intestine is provided with 
a number of paired longer or shorter caeca 
(fig. 142). A considerable number of this 
family are commensal or parasitic (see p. 

297). The family is well represented on 
our own coasts, so that only a few of the ' ' ' 

more readily distinguishable species can be F, °- 181 —‘ ***"* 
here described. 

Sub-f am. 1. Polynoin/i . — Body flattened, 
with nearly parallel sides, usually short, 
more rarely worm-like ; three tentacles ; peristoinium with long 
orsal and ventral cirri; the ventral cirri of the next segment 
are also elongated. Jaws are present. Elytra, usually twelve 
to eighteen pairs, the surface of which is more or less papillose, 
an may be “ fringed ” along the outer border, with long processes. 

e <5° ounng of the elytra is characteristic in most cases, though 
11 6 t° considerable variation in some speciea The chaetae 
are generally strong, and of bright golden colour : they are all 
unjointed. The Polynaina are generally but feeble swimmers, 

1 See M'lntoHh'sj Memoirs, 2oc. cif. 



mala L. Nat. site. c, 
Notopodial cirrus ; e, 
elytron ;/,parapotlmm ; 

palp : t , tentacle. 
(From Johnston.) 
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and are mostly found under stones at low tide. Some species 
have a very wide geographical range. 

Poly not} — The body is short ; none or only a few segments 
at the end of the body are uncovered by the elytra, except in 
the long body of P. johnstoni. 

A. With twelve pairs of elytra. — In P. squamata Linn, the 

elytra entirely cover the 
body and conceal the 
head, each elytron over- 
lapping the next poste- 
rior one, and those of the 
two sides overlapping. 
General colour sandy- 
brown, speckled, lighter 
or darker. The fringed 
elytra are very firmly 

Fio. 162.— Elytra, A, of Polynoe squamata L.; B, of fi xe d ^ the body. The 
P. darn Mont, x 10. a. Area of attachment; , 

e , external margin ; /, fringe (the letter is at the notopodial cnaetae 
posterior side of the elytron) ; t, internal margin, project from 

(From Bourne.) J 1 . 

below the elytra. The 
worm is common between tide-marks and in the coralline region, 
is about one to one and a half inches in length, and about one- 
third of an inch in width. Atlantic. P. clava Montagu, may 
attain a larger size, though it is generally smaller. The elytra 
are dark, usually grey, mottled with white or light grey, un- 
fringed, and do not overlap to so great an extent as in P. squa- 
mata, so that the middle of the back and the hinder part of the 
body is more or less exposed. This is never the case in the pre- 
ceding species, but even here it is subject to variation in extent, 
depending on the amount of food contained by the worm or on 
the ripeness of the genital products. It occurs in the Mediter- 



ranean. 


2 


B. With fifteen pairs of elytra.— P. imbricata L. is probably 
the commonest species of the genus, occurring nearly every- 
where under stones at low tide. It is about an inch in length 
the elytra are deciduous, and are very variously coloured . an 
marked; sometimes uniformly grey or even black, sometimes 

i Herein are included the various genera formed by Kinberg, Malmgren, and 


others. 


3 It appears to be the same as P. grubiana Clap. 
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mottled with brown : in other specimens each elytron has its 
outer half pale or white, while its inner half is darker, usually 
some tint of brown or olive green, so that the worm appears 
to have a dark band along the middle of its back. Other 
patterns occur. The body is entirely covered by the elytra. The 
chaetae project considerably, and are nearly as long as half the 
width of the body ; those of the notopodium are brown and are 
directed upwards, being nearly as long as the 
golden neuropodial chaetae. This species has a 
very wide range, occurring on both sides of the 
Atlantic, even on the shores of Nova Zembla, 
and reappearing again at Japan. P. semi- 
sculptus Leach is rather larger than the fore- 
going. The elytra are very readily detached : 
they are light in colour, without a fringe, but 
with large papillae near the margin. The 
notopodial chaetae are thicker than those of the 
neuropodium. Several other species are also 
common, but P. jolinstoni v. Mareuz. 1 differs from 
the rest in having an elongated body of some seventy segments, 
so that the posterior half is uncovered by the elytra, which are 
small, greenish -grey, speckled, and have no fringe. It is common 
and widely distributed, but appears to be only found in the tubes 
of Terebella nebulosa. 

C. With eighteen pairs of elytra. — P. gelatinosa Sars, may 
attain a length of 2 inches. The elytra are very faintly coloured, 
transparent and soft, attached by rather long peduncles. In 
spirit they become swollen and folded, giving the worm a very 
untidy appearance. The prostomium is partly overlapped by 
a peculiar collar-like fold of the peristomium. 

JD. With numerous pairs of elytra. — Lepidasthcnia has a very 
long body, consisting of more than eighty segments. The elytra 
are quite small, and occur throughout the body on the usual 
segments. There are no notopodial chaetae. L. elegans Gr. is 

a e * e S ant *y marked worm, which, however, has not been 

rsco ed from the British area \ it occurs in the Mediterranean 
(see Fig. 156, p. 293). 

Sub-Fam. 2. Hcrmionina. — The body is short, oval and de- 

t>,A 1 ^ 11<rll “ ahOWn that Jolln3ton '8 p. scolopendrina is not identical with 
mat of Sa Vigny, and auggests the above name for it. 



Fig. 163. — Elytron of 
Polynote imbri* 
cola . a. Area of 
attachment to 
body ; e , outer 
border ; t, inner 
border. 
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pressed ; the particularly strong notopodial chaetae are directed 
upwards and backwards so as to protect the elytra. The neuro- 
podial chaetae are also strong. The prostomium carries a single 
tentacle and two long palps ; the prostomial ridge may be well 
developed. The peristomium is chaetigerous, with long cirri. 
The jaws are represented merely by thickened prominences. 

Aphrodite . — The fifteen pairs of elytra, arranged as in Polynoe, 
are concealed by a “ felting ” of hair-like chitinous threads arising 
from the notopodium (Fig. 139, p. 268). A. aculeate L. — The 

“ sea-mouse ” is one of the most 
beautiful of the Polychaetes. 
The small tentacle is very 
readily detached ; the palps are 
very long ; the parapodia of the 
peristomium are directed for- 
wards so as to form lateral lips : 
and its cirri are not especially 
modified (see Fig. 132, p. 260). 
The hody, which measures 3 to 
6 inches, consists of thirty-fh'e 
to forty segments, and is broad- 
est in the middle, the last 
dozen segments being very 
small ; the body terminates in 
a point. Some of the noto- 
podial chaetae are brilliantly 
iridescent, and give the worm 
its characteristic coloration. It 
is fairly common in the coral- 
line regions, and is frequently 
thrown ashore after storms. 
Atlantic and Mediterranean. 

In Hermione the “ felt is 
absent, so that the elytra are 
exposed H. hystrix Sav. occurs 
in ten to thirty fathoms of 

"ooltho^ off the 


r I0 164 . — Aphrodite acvleatu L. (from Regnc 
Animal). Nat. size. c, Neuropodial 
chaetae ; />, palps ; 1, iridescent bristles ; 
2, stiff chaetae ; 3, felting bristles of noto- 
podiinu. 
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west coast of Ireland ; it has been recorded also from Kerguelen 
and from Japan, so that it has a very wide distribution. 1 

Sub-Fain. 3. Acoetina? — The long, vermiform body has some 
thirty-nine to ninety-three pairs of elytra, placed on every 
alternate segment throughout. It is represented in the British 
area by Pantludis from 75 fins., which forms a tube of black mud. 

Sub-Fam. 4. Sigalionina. — This sub-family includes forms 
with a long, vermiform body ; anteriorly the elytra are on 
alternate segments, up to the twenty-sixth, and posteriorly on 
every succeeding segment ; “ gills ” here coexist with elytra ; cirri 
are absent. The prostomium in Sthenelais Kinb. has a median 
tentacle, which is absent in Sigalion Aud. and Edw. Sth. boa 
Jnstn. is common off our coasts near low-water mark, where it 
burrows in the loose sand with rapidity. It is an elegant worm, 
and may attain a length of 8 inches, though it is generally 
smaller ; it is narrow, flat, and only slightly tapering at each end ; 
the elytra, which may be more than a hundred pairs, are greyish 
or slightly brownish, some being lighter than others ; the margin 
is fringed with simple processes (which in Sigalion are pinnate). 
Atlantic and Mediterranean. In Psammolyce the elytra are 
covered with sand grains. British and Mediterranean. 

Jam. 4. Phyllodocidae. — The members of this family make use 
of the foliaceous cirri (tig. 136, F) in their very active move- 
ments. The rounded prostomium bears four or five tentacles; there 
are four long peristomial cirri on each side (see Fig. 134, E). 

Sub-Fam. 1. Phyllodocina. — The body is elongated, with 
numerous segments ; the eyes are small ; the chaetae are jointed ; 

e dorsal and ventral cirri are foliaceous ; the pharynx is covered 
with papillae externally, but contains no “ jaws.” 

Phijllodoce has a more or less depressed body ; four prostomial 
tentacles ; four pairs of peristomial cirri P. lamelligera Jnstn. 3 
(. e paddle- worm ”) may reach a length of 24 inches, but is 

usua y 8 -to 12 inches long and ^ inch across. The general 
co our is bright bluish-green or yellowish-green, with metallic 
tscence , the parapodia olive-green or brown, the sensory pro- 

vij “Report on Polyclmetes, Part I.” Sci. Proc. Hoy. Dublin Soc. 

vn.9.) 1893, p. 16!». 

pcdal^Rla^d^tr dca _ erve3 mention M a large, rar^ form with peculiar 

xxxv. 1894 p 433 g(r ° f " 0n r ' 268> * P * 324 * aud Buchanan, Quart. J. Micr. Sc. 

Many authorities regard this species os synonymous with Savigny's P. laminosa. 



314 


POLYCHAETA 


CHAP. 


cesses yellow. It lurks, during day, under stones and shells, eta, 
in the Laminarian zone. The green egg masses, so frequently 
referred to as belonging to Arenicola, are laid by Phyllodocids. 1 



Fio. 165 . — PhyUodoct paretti Blv. x (From Rlgnc Animal.) 


In Eulalia an additional (fifth) tentacle arises from the 
middle of the back of the prostomium. E. viridis MiilL is a dark 

green worm smaller than the preceding ; common 
between tide-marks, hiding in cavities and tunnels 
in limestone rocks, which have been bored by 
the mollusc Saxicava ; it is rare where such 
rocks are absent. It might have been thought 
that its vivid colour would harmonise with its 
surroundings, but it is most abundant in regions 
where Fucus abounds and Ulva is absent. It is 
evident then that the colour is not protective ; 
it may perhaps be of warning significance, for 
the mucus secreted in quantities by glands on 
the cirri of the Phyllodocids is probably ob- 
jectionable to their enemies. Phalacrophorus 
Grf. and Pontodora Grf. may be mentioned as 
pelagic genera. 

Sub-Fam. 2. Zopadorhynchina. — This in- 
cludes small forms, Lopadorhynchvs Gr., Pela- 
gobia Grf., and other pelagic genera. 

Sub-Fam. 3. Alciopina. — These are surface 

Flo. 166 . — TfaufhanUi formS . and - like m0St ' SIe “ l0 “!L 

eelox R. Grf. x 4. less and transparent ; the eyes, however, a 

ffSjeye? * very large, and, with certain brown spots in 

each segment, 2 are the only coloured parts in 

the body ; in structure the eyes are much more complicated than 

1 According to a verbal communication from Mr. J. Hornell of Jersey, they 
to P. muculaUt MiilL, while Mr. Garstang believes them to belong to Eulalia vxna . 
a These segmentally-arranged brown spots may perhaps be photogenic. 
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those of other I'olychaetes. The prostomium has five tentacles ; 
there are long peristomial cirri, and in general their anatomy 
agrees most closely with that of Phyllodocids. Alciope, Asterope, 
Vanadis , Nauplianta are genera of the family; 1 none have been 
recorded from the British area. 

Bam. 5. Tomopteridae? — This includes but one genus, Tom- 
opteris, which is pelagic. The transparent, colourless body 
consists of only a few (eighteen to twenty) segments ; the 
parapodia are as long as the body is wide, and carry no chaetae ; 
each is bilobed, and fringed with a membrane ; each of these lobes 



Fig. 167. — Tomop * 
Ur is roiasi Grf. x 
10. From Guinea 
Isles. pr 9 Ham- 
mer-shaped pro- 
stomium ; x, first 
choetigerous pro- 
cess ; y, second 
chaetigerous pro- 
cess ; c, rosette 
(photogenic) 
organ on first two 
parapodia ; b y 
similar organ in 
the lobes of the 
following para- 
podia ; dy pigment 
spots ; f para- 
podiui*. (From 
Greef . ) 


contains a yellow rosette-shaped photogenic organ. The only 
chaetae present in the worm are on the “ head." The prostomium 
is hammer-shaped, and appears to carry a pair of short filaments 
ventrally (Fig. 167, x), each with a single chaeta within it; and 
a longer filament laterally (y), supported by a long, very delicate 
chaeta. The mouth is behind these, and they probably are the 
first pair of parapodia which have shifted forwards. T. onisci- 

Eschscholtz is not unfrequently obtained off our shores in 
tfie tow-net. 

Fam. 6 Nereidat (Lycoridac).— This family contains a very 
urge number of species, differing from one another in small and 
rea } recognisable characters, such as the relative lengths 

t n 1 P” 6 ** Aeta Ac • Germa n., xxxix. 1677. 

Greef, ZeiUehr. /. imj. Zool. xlii. 1885, p. 432. 
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of the various processes of the head, of the lobes of the feet, the 
arrangement of the paragnaths ” (see Fig. 125, d), and so forth. 
The general features of the family have been already described. 
The genus Nereis is represented by six fairly common species 
on our coast, which are almost world-wide in distribution. 

N. diversicolor Mull, is about 3 to 4 inches in length, of a 
general deshy-red colour, though tending in some cases to yellowish- 
brown or even greenish. It may be distinguished by two diverging 
brown bands, which start on the peristomium and pass backward 
one along each side of the body for several segments. The pro- 
stomium is broader than it is long. The worm burrows in mud 
or sand, all round our coast between tide-marks. It has a very 
wide distribution, being met with on this side of the Atlantic, and 


in 



off the coast of Greenland, and off Japan. It is even found i 
brackish water at Bembridge, Isle of Wight. 

N. cultrifera Gr. is green or greenish -grey, with a series of 

small rectangular light spots along the 
mid-dorsal surface, and oblique light lines 
at the sides of each segment. Posteriorly 
the greenish pigment becomes less and 
less till the hinder segments are flesh- 
coloured. The prostomium is as long as 
it is broad. This species attains a length 
of 6 inches. Southern coasts : locally 

Fia. 168. — iVcreis cultrifera „ 

Gr. x 6. Head with buccal known as -Kea uat. 

region everted, to show the jy- umer Mi Aud. and Edw. is rather 

(FroS e Ehier^ f ) ^Cf* X. smaller and narrower than the two preced- 
divcrsicolvr. Fig. 125, p. gp^^g • it is reddish- violet in colour, 

24 8 ' marked with darker transverse lines in 

each segment. It is readily recognised by the two dark brown 
spots on the upper surface of the base of the notopodium in most 
of the segments, and by the great length of the penstomial cirri, 
the longest of which reaches the fifteenth segment. It is som - 
times found enclosed in a cocoon-like tube of hardened grey 
mucus, more or less covered with foreign particles, such as sand 

grains. Atlantic, Mediterranean, Japan. 

N. pehtffie.a L. is red -brown or bronze m colour and * 

generally larger than the other species, from which t is 
Lguished by being widest about the middle of Jta J»b ( 
y ° 122, p. 24G) ; whilst ill the preceding species the greates 
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breadth occurs at the segments immediately following the head. 
Further, the palps are long, the peristomium is twice as long 
as the next segment, and the back of the worm is strongly 
arched. At all depths on rocky and stony ground. Northern 
coasts. 

X ( Nereilepas ) fucata Sav. lives in the topmost whorls of 
empty whelk shells and in those occupied by hermit crabs. The 
ground colour is tile-red, with two milk-white bands along the 
dorsal surface. The dorsal lobe of the foot is slightly foliaceous, 


glandular, and vascular. 

N. ( Alitta ) virens Sars, is a giant amongst Polychaetes, reach- 
ing a length of 18 inches. Its name suggests its colour; it is 
very plentiful at certain times at St. 


Andrews, and between tide -marks along 
the shore of the Mersey estuary, as well 
as elsewhere. It forms a burrow in the 
clay, etc., of the shore, and lines it with 
mucus, which is abundantly secreted by 
the great foliaceous lobes of the parapodia. 
These great leaf-like lobes of the foot recall 
the modification which the foot of many 
species of Nereis undergoes in transforma- 
tion into Hetcronereis : they are so greatly 
developed that, at first sight, the worm 
might be mistaken for a large Pliyllodoce. 
The worm is known as the “ Creeper,” 
and is much esteemed as bait on some 



Fio. 169. — Para podium of 
X virens Sars. x 4. a, 
Notopodial cirrus ; b 9 
no to podium ; c, neuro po- 
dium ; tly neuropodial 
cirrus ; l t foliaceous ap- 
pendage. (From Ehlers.) 


parts of our coast. 


Fam. 7. Nephthydidac. — The elongated body is quadrangular 
in section, the dorsal and ventral surfaces being almost flat. (For 
head see p. 262, and for parapodiiun, p. 264.) The two lobes 
of the parapodium are widely separated, and each is fringed with 
a membrane, while a sickle-shaped “ gill ” hangs down from the 
under surface of the notopodium. The pharynx is enormous. 
Of the genus Nephthys two species, called the “ Lurg ” or “ White 
Cat by fishermen, occur on our coasts. Their active movements 


and beautiful mother-of-pearl tint are characteristic. N. horn- 
bn-gii Aud. and Edw. occurs on the shore, and down to 20 
fathoms ; it is 3 or 4 inches long, and may be found burrowing 
in the sand ; the chaetae exceed in length those of N. caeca 
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Fabricius, which occurs less frequently and in deeper water, and 
is larger than the preceding. Both are Atlantic forms. 

Fam. 8. Amphinomidae. — The body in this family is either 
vermiform, as in Eurythoe, or oval and flattened, as in Euphro- 
syne and Spinther. The head carries a peculiar sense organ, the 
“ caruncle,” consisting of a smooth axis with the sides folded so 
as to look like a number of lamellae. The parapodia carry gills. 
Most of the Amphinomids are tropical and Southern forms. 

Eurythoe borealis Oerst. measuring 6 inches, occurs all round 
the British area, from the Shetlands, where it occurs in deep 
water, to the Channel Isles, where it lives on shore, under stones, 


etc. (For parapodium of Amphinome see p. 264.) 

Euphrosyne. — The body is short, oval, and flattened- The 
parapodia are not distinct processes, but the chaetae extend from 
each side of each segment nearly to the middle dorsal line, 
and are absent ventrally (Fig. 137, C, p. 265). The dorsal and 
ventral cirri are more or less filiform, and there is an inter- 
mediate similar process on the back ( ? = lip of chaetigerous sac). 
Amongst the chaetae are a number of curious branched processes 
— usually called “ gills.” 1 The presence of these and of the 
chaetae give the upper surface of the body a fluffy appearance. 


E. foliosa Aud. and Edw. is fairly common under stones on our 
southern shores. It is about an inch in length and is of a 


cinnamon-red colour. 

Fam. 9. Eunicidae. — The elongated body is provided with 
parapodial gills in more or fewer segments (except in Lumbrico- 
nereis). The “ gills ” may be cirriform (Hyalinoccia), pectinate 
(Eunice, Onuphis), or more complex ( Diopatra ). The notopo- 
dium is represented by a lobe (usually called “cirrus ) into 
which an aciculum projects ; in some cases it even contains a 
few chaetae ; most of the neuropodial chaetae are jointed (Fig. 
138, F). The prostomial tentacles vary in number ; ^they may 
be three or five, or five and two short “ frontal palps, or they 
may be absent. Peristomial cirri are absent, though in Eunice, 
Diopatra, and Onuphis “ nuchal cirri ” are present on the dorsal 
surface of the second segment (Fig. 134, D). One of the mos 
characteristic features in the anatomy of the Eunici is 
peculiar jaw apparatus (see p. 270). The majority o ® 

genera form iermanent tubes of parchment - like consistency 

1 Buchanan, Quart. J Micr. Sex. xxxv. 1894, p. 445. 
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which may he further strengthened by the addition of grains of 
sand, small pebbles, etc. ; the tubes may be branched. 

Eunice has five tentacles, two great palps, and a pair of 
nuchal cirri ; the gills are pectinate, and there are four- anal 
cirri. E. harassii Aud. and Edw. is about 8 inches long. 
It is reddish-brown, with white spots down the back, one to each 
segment, and others at the sides. The gills begin at the sixth 
segment, and when fully developed have eleven branches. The 
dorsal cirrus is not longer than the gill. E. philocorallia Buch. 1 
forms its tube amongst the branches of 
Lophohelia prolifer a, in 200 fathoms, off 
the west coast of Ireland. 

MarpJiysa resembles Eunice, but has 
no nuchal cirri. M. sanguined Mont, is 
a fine bronze colour, with bright red 
gills, which . commence on the twentieth 
segment, and have only four or five 
branches. The worm, which measures 
12 to 18 inches, aud is as thick as 
one’s finger, hides in clefts in rocks and 
under stones below low water. Medi- 
terranean. It is known as “ Rock- 
worm ” in the Channel Islands. 

Hyalinoecia Mgrn., in addition to 
the five prostomial tentacles and palps, 
possesses a pair v/f small “ frontal palps ” 
arising from the anterior border of the 
prostomium ; there are no nuchal cirri, 
and the gills are simple filiform pro- 
cessea S. tubicola MulL, about 3 inches 
long, is yellowish -brown, and forms 
a transparent, parchment - like tube. 

Atlantic and Mediterranean. 

Onuphis Oerst. has a head like the Flo* 170. — Ophryotrocha putr- 

f T wh i oh tt differa in h,i ' ri “g 

ptx^inai/ea gills and two nuchal cirri like *ted p** (nuchal organ) ; 
Eunice. I n making its tube it employs (From Korschelt) 

Bmall pebbles, bits of shell, aud even ecliinid spines, which it 
g ues together with mucus, so that it bears a general resemblance 

1 Bucllanan . Sci - Proc. JL Dublin Soe. viii. (n.B.) 1893, p. 169. 
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to its surroundings. 0. conchylega Sars, has a flattened, scabbard- 
like tube, which can be carried about by its owner. Atlantic. 
Lumbriconereis has a more or less conical prostomium, without 

any tentacles, but with large palps : segments 
without gills. L. frayilis Mull, is reddish or 
brownish, with a beautiful iridescence ; it is 
cylindrical, very narrow, and some 5 or 6 inches 
long ; L. tricolor Jnstn. is much larger. 

Ophryotroclia (Fig. 170) is a small form often 
occurring in aquaria ; it is chiefly remarkable 
for the possession of segmentally-arranged girdles 
of cilia — a permanent larval feature, lysidice 
ninetta Aud. and Edw. belongs here. 

Fam. 10. Glyceridae . — Elongated worms with 
numerous segments. The prostomium, though nar- 
row, is long, conical, annulated, and carries at 
its apex four very small tentacles; at its base a 
pair of palps. Special retractile gills are pres- 
ent. The armed pharynx is very long, and when 
protruded appeal's wider than the anirnaL The 
members of this family are without any system 
of blood-vessels, but the coeloraic corpuscles are 
coloured red. Glycera has four jaws, the parapodia 
are all alike (Fig. 136, C). G. capitata Oerst. is 2 
or 3 inches in length, is yellowish in colour, with 
a dark-red median line. It may lie found 
burrowing in sand. The setigerous lobes of each 
foot are coalesced to fonn one large lobe with 
pointed apex. The dorsal cirrus is a small wart 
above the base of the foot. Atlantic and Medi- 
terranean. A second species, which is much 
larger and flesh-coloured, also occurs. 

Goniada is distinguished from the preceding 
by the fact that the parapodia suddenly change 

Fl0 Hi Giyceru i' 1 8 * ze an <l ch aracter at a k° ut ' one-third the lengt 1 

ia 'mtcMii Aud. of the body. The pharynx has numerous para- 

Sr “"vertS: gnatl-. O.macuUUa Oerst occurs off ou. 
x l. {Myne Fam. 11. Sphaerodoridac. — The dorsal an 
AniviaL) ventral cirri of each segment are spherical. 

The chaetae are usually jointed, and there is an aciculum to each 
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purapodiuta. Ephcsia Bfchke. (E. gracilis li. — Sphacrodortnn 
peri pains Jnstii.) is exceptional in having un jointed chaetae. 
North Ben, Arctic Ocean, and the Channel. The family, which 
is much modified, is allied in some respects to the Syllidac. 

Fam. 12. Ariciiilac. — These, worms burrow in sand between 
tide-marks. The bodv consists of manv short segnn nt< and is 
nearly cylindrical. The prostomium is more or less pointed : the 
chaetae are all capillary : in the first few segments they project 
laterally but soon come to lie dorsally, and are carried l»y slight 
conical papillae (supported by ncicula), which are longer in the 
middle of the body. Most of the segments carry filiform gills,” 
representing the dorsal cirri (Fig. 137, K). 

Scolnpfus arm igcr Mull, is extremely common on our const. 
It is about an inch long, yellowish, with red gills, commencing 
about the twelfth segment. Each of the lobes of the parnpodium 
possesses an aciculuin, and the chaetae are bent in a peculiar wav. 
The everted buccal region has the form of a six- or eight-rayed 
star. The spawn of this species may he found on the shore in 
spring as brown, pear-shaped, jelly-like masses, each with a long 
stalk, by which the mass is fixed to the sand. In the jelly are 
the eggs, which may be watched passing through the earlier stages 
of de\ elopment. Atlantic on both shores, even off SpitzWgen, 
and Nova Zembla. Another representative is Th codisc a vutmif- 
lata Clap., which occurs amongst the roots of Laminaria. 

Fam. 13. Typhloscolecidae.' — Pelagic, greatly modified forms, 
apparently related to the Phyllodoeidae, but with very uncertain 
ammties. The prostomium is pointed and carries a pair of 
oliaceous tentacles; each of the first two segments bears a pair 

and rTT 1 Cln . 1 ; t,le reuu ‘ining segments possess a dorsal 

chaetae 2 P T ° f , foliuceous cirri, with a small bunch of 
chaeue and a single aciculum. AH the cirri have peculiar rod- 

U Liu r ,7 USCh - *»** "’uguer, amt Transit 
Uljanm . nil small worms. North Sea Atlantic 


Sub-Order 2. Spioniformia. 

Mostly small worms, with small ridge- 

i . 1^‘iis oiniuni, which extends forwards on each side 
,, 0 “’ lJ " jtli ‘' l, ' culcu "• Tijphhiscvlccidcn d. Plankton Expcd. 1895 . 
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of the prostoinium, bears a pair of very long cirri (usually 
termed “ tentacles ”) normally directed backwards, very mobile, 
and more or les3 coiled. They are readily thrown off by the 
animal The notopodial cirri are long, finger-shaped, and curved 
over the back ; they are vascular and ciliated, and function as 
“ gills.” The neuropodia project laterally. Both are usually 
provided with a “ podal membrane ” along their outer margin. 
There are no ventral cirri; (lie dorsal chaetae are fringed 
capillaries ; the ventral are “ crotchets.” The buccal region is 
eversible. The worms burrow in mud and sand. 


Spio seticornis Fabr. is a small worm less than an inch in 
length, colourless except for the red blood in its vessels. It builds 
long and flexible tubes of sand in the clefts of rocks and under 
stones in the upper part of the littoral zone. The prostoinium is 
notched at the anterior margin. The gills commence on the 
twelfth segment, and do not extend to the end of the body. A 
membrane-like cirrus exists also on the second chactigerous seg- 


ment. The podal membrane is aduatc to the gill throughout its 
extent. Four short anal cirri occur. Greenland and Scandinavia. 

Nerine is represented by two species, sometimes called Bag' 
worms.” The genus is very similar to Spio, but the worms arc 
of Larger size. The prostomium is compressed by the forward 
growth of the peristomium, and appears as a ridge on the latter 
segment, extending downwards in front towards the mouth. ,e 
“gills” commence on the second segment, and are continued m 

every segment except the hnm- 
most. Xerine (Mecot^it) 

— > v nl (juris Jnstn. is readily distm- 

guished from other species by 
— c * its somewhat T - shaped pio- 

1 ‘ stomium. It is an extremely 

common worm under stones an 
amongst seaweed at low water. 
H i s some 3 or 4 inches m 

Fm. 17 >. — Xerine rubjuris Jnstn., enlargc-l. m „l more slender than 

(From Cminiiigliam.) «, Prostoiiiiuiu ; r> «ni>cies. Its colour 

f ' cimis of iMsristonimm ; c-, “gill , the iollowing species. 

/,'lnlifs ; tn, poilnl meinl.mne ; 1, pen- . ve llowisll-broWli, ftlUl the 1«U 
* (Un , h . d upwurdii and haek- 

w ,ud s give the «* Mit 1 m nl 

bmiie ileus nut reach the tip of the gdL North Atlantic. 
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said to ascend rivers and live in brackish water. JY! coniocephala 
Jnstn. is much the same colour, but reaches a length of 8 inches, 
and a diameter of £ inch. The prostomium is conical. The podal 
membrane reaches to the tip of the gill in the anterior segments. 
The worm burrows rather more deeply and nearer low-water mark 
than the preceding species. 

Fam. 2. Polydoridae. — Polydora Bose ( = Lencodore Jnstn.) 
is readily distinguished from the other Spionids, and, indeed, 
from any other Polychaet (except Chaetopterus), by possessing 
specially strong chaetae in the enlarged fifth chaetigerous segment. 
The anterior segments differ from the rest in the absence of gills 
and in the character of the chaetae (Fig. 133, A, p. 261). 

P. ciliata Jnstn. inhabits soft mud tubes near low water; 
it also makes U-shaped galleries in stones and shells, and the 
tube projects from each mouth. The worm is about £ inch 
long, comists of some forty segments, and is yellowish or 
flesh-coloured. The prostomium resembles that of Spio ; the 
peristomium is raised into a slight collar at each side. * The 
anus is surrounded by an incomplete funnel. The species has 
almost a world -wide distribution, having been recorded from 
Iceland, Australia, the Philippine Islands, as well as from the 
European seas. P . coeca Oerst. often lives commcnsaUy with a 
sponge, having a protective odour. 


1am. 3. Ch adopter idac . — The family is represented on our 
coasts by Chadopterus variopedatus Ren., 1 which is found at 
the Channel Islands, the Scilly Isles, the Isle of Man, and the 
west Scottish coast, and probably at various other places 
at low water and down to a depth of some 15 fathoms. It 
occurs 111 all European seas. The animal builds a long tube, 
the basis of which is a tough, parchment - like substance; 
this is coated externally with sand, small pebbles, and other 
debris: it is of considerable length and about f inch in 
diameter, is U-shaped and open at both ends, the greater part of 

wh^Vf^ ln T d ° r “ crevices of rocks. The animal, 
whose body-wall is thin and delicate, never leaves its tube. 

lhe body has a bizarre appearance; three regions are readily 
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distinguishable, which may he denoted by the letters A, B, and 
C. The most anterior region, A, is flattened, and carries 
nine pairs of conical lobes with delicate chaetae, though the 
fourth lobe possesses special stouter chaetae (as in Polydora). 
The anterior end of the body terminates in a wide funnel, the 
boundary of which is formed chiefly by the peristombmi ; on its 
dorsal surface is a pair of tentacle-like processes (peristomial 
cirri) ; the region between which represents the prostomium. 

The second region, B, is very curiously modified ; it is formed 
of five segments. The most anterior is produced on either side 
into a great wing-like process, which in life is directed forwards 
above the region A. Each is grooved on its inner side, the 
ciliated grooves being continuous with a mediau groove running 
forwards along the back of A ; this apparatus serves to bring 

food to the great funnel -like mouth. 
The next segment (twelfth) carries a 
dorsal and ventral “ sucker,” representing 
the parapodia. Each of the segments 13, 
14, 15 carries a membranous fold en- 
circling the body. By the constant 
movement of these “ fans,” which have 
nearly the same diameter as the tube, 
a current of water is constantly washed 
over the animal The fans represent 
the notopodia; the neuropodia are bilobed 
rounded knobs. The region 0 consists 
in the adult of about thirty segments, 
all alike, and less modified than the pre- 
ceding. The animal is the most truly 
tubicolous of the Polycluietes, and is 
much modified on this account, No 
locomotor chuetue are present, though 

young specimen. A is the crfeat willgS Ulld Iiotopodial plOCC. 

of 4'iou O contains cl.itinous bristles. 

hinder region, r, Peristomial w'Jlidl, however, do llOt project , ^ 

cirri; r/, “sucker”; r , the . . of.ift* elioetae, aild 

great “ wings M ;/, the first of anterior region with Its Stin CIKltu , 

the three “ fans’* ; m 9 mouth. ^j ie liellro p 0 dial unciiial plufces of the res 
of the hotly serve in its movements up and down the tube. while 
the “ suckers ” fix the worm temporarily to the wall of its 

1 Compare Xtcmasjiis, p. 330. 
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Chactoptcrus is highly phosphorescent (see p. 295). It 
is further interesting on account of the green colouring-matter, 
which is extracted by alcohol. Two commensal Polynoids occur 
in the tube, viz. Polynoe ylabra and P. cirrosn. The larva is 
“ mesotrochal ” (with a ciliated ring round its middle), that region 
of the body lying in front of the cilia giving rise to the region 
A, whilst the rest of the body gives rise to regions B and C. 

Fam. 4. il fagelonidftc. — This family includes only the very 
peculiar worm, Jfayelotia p«pillicornis Fr. Mull., which lives 
buried in sand, between tide-marks, in various parts of our coast 
and that of the United States. Its chief features are the large, 
flat, spoon-shaped prostomium ; the long peristomial cirri, slightly 
expanded terminally, carrying papillae along one side ; the 
enormous, eversible buccal region, which is an important 
respiratory organ. The blood is of a madder-pink colour, and 
the blood-vessels in the thorax are greatly dilated. The body 
of the worm is divisible into two well-marked regions, owing to 
differences in the chaetae. 1 

Fam. 5. Ammocharidac. — This family contains only one 
species, Owenia fil if or mis D. Ch. Some of the anterior segments 
are longer than the hinder ones, though the arrangement of 
chaetae is alike throughout. The mouth is wide, like that of 
Chactopterus, and is surrounded, except ventrully, by a membrane, 
so deeply notched as to give rise to flattened filaments containing 
blood-vessels. These "gills” appear to belong to the peristo- 
raium. The small worm in its sandy tube is plentiful on our 
coasts in about 20 fathoma Off Greenland and the Mediter- 
ranean. 

Sub-Order 3. Terebelliformia. 

1am. I. Cirratuliduc. — These worms have a cylindrical body, 
more or less attenuated at each end ; the segments are distinct, 
and similar throughout, with capillary chaetae on each side in 
two bundles, carried by small papillae. The prostomium is 
conical, the peristomium usually without cirri. On more or 
fewer segments the dorsal cirri are long and filamentous, anti 
function as gills. There is a single pair of anterior nephridia : 
the septa and genital duets nre repeated throughout the hinder 
part of the body. The worms usually live in burrows. 

1 For literature, see Bonham, Quart. J. .Vier. Sci. xxxix. part 1, 1S96, p. l. 
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Cirratulus . — The prostoiniuni is long, sometimes annulated. 
In addition to the segmental filamentous “gills” there is a 

transverse row of long “ tentacular fila- 
ments ” across one of the anterior seg- 
ments, and it has been suggested that 
they are really prostomial tentacles 
which have shifted backwards. They 
and the gills twist about in a very 
active fashion during life, and look- 
like small independent worms, especially 
when they are detached. C. cirratus 
MulL is a brown or dirty yellowish 
worm about 4 to 6 inches in length, 
usually to be found under stones, 
partially embedded in the mud or sand. 
The prostomium carries a pair of 
linear groups of “eye-spots”; the first 
chaetigerous segment carries a trans- 
verse row of tentacular fihunents, and 
the red gill -filaments commence on 
the same segment. Common. C. ten- 
tucufatus Mont, is a larger worm, dark 
red in colour, and is distinguished from 
the preceding by the absence of eyes 

Fio. 174. — Cirraixdua tentucu - and by the fact that the tentacular 

lotus Mont. (J nnt. size). fji amen ts are on the seventh chaeti- 
(From jRtt/ne Animal.) ... . , -i* 

gerous segment, while the gills com- 
mence more anteriorly. Atlantic and the Mediterranean. 

Chactozone sctosa Mgrn. occurs in the North Atlantic. 
Dodecaceria concharinn Oerst. is about an inch in length, olive 
green or brownish in colour, and is not uncommon amongst 
roots of Laminaria. It is stated to live also in tortuous tubes 
bored in shells and stones, but whether it makes these tubes is 
uncertain. Tlie worm has two thick tentacular filaments, anti 
the thinner gills are only on four segments. Hckatcrob'anclivs 
shrubsolii lluch. 1 is a small worm some inch long, foun a 
Sheerness, where it occurs at low tide in soft mud ; ujre 
forms a loosely coherent tube, though it also moves in* y 
the mud. Its chief features are (1) a pair of long, cih. 

i F. Huchunaii, Quart. J. Mier. Sci. xxxi. 1890, p. 175- 
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"cephalic tentacles,” probably peristomial, and similar to the 
“tentacular filaments ” of Dodecaceria ; (2) a pair of filamentous 


gills (dorsal cirri) on the first chaetigerous 
segment ; (3) a pair of large green nephridia 
in the anterior segments. The describer 
placed it amongst the Spionids, but the 
above and other features point to Cirratulid 
affinities. 

Fam. 2. Terebcllidae . — The body is cylin- 
drical, and generally larger in front than 
behind. The prostomium is generally 
flattened, and forms a mobile upper lip, 
which always carries a transverse series of 
many tentacles; it may bear "eye -spots,” 
but never palps ; the lower lip is formed by 
the per is to miu in. There are oue to three 
pairs of gills, which are usually more or less 
branched, on as many segments. 1 

The chaetigerous lolies are small ; the 
dorsal ones contain capillary chaetae, which 
are frequently confined to the anterior 
segments, whilst the ventral chaetae are 
uncini. The ventral surface of the anterior 



segments is thickened by glands which secrete 
the mucus employed iu tube- building ; the 
number of these “ shields ” and of the dorsal 
bundles of chaetae have to be noted in iden- 
tifying the worms. There are one to three 


Fig. 175. — Amphi trite 
johnsloni (J n tiL sire). 
*7, Gills ; prostomial 
tentacles. (From 
Cunningham aud 
Rain ago.) 


pairs of large anterior nephridia. A very strong “ dia- 
phragm ” — usually more or less pouched — cuts off this anterior 
region of the body-cavity from the rest, and is the only com- 
plete septum in the body ; from three to twelve pairs of 
small generative ducts occur behind it The family is tubi- 

colous, foreign materials being generally used in the formation of 
the tube. 


There are six genera which are fairly common round our 
coast, and their identification may be facilitated by menus of 
the following table 2 : 


* 80016 genera thero are no gills, e.g. Lcaena. 

Theso characters aro not necessarily generic. 
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A. Capillary chaetae 
confined to the 
anterior part -of 
body ; commenc- 
ing on the fourth 
segment. 


Gills 

ramose. 


B. Capillary chaetae 
throughout the 
body ; commenc- n . u 
ing on the third Gllls 
segmtnt. 


( 3 pairs, which are 


2 pairs. 

17 notopodia. 


{ arborescent ; 3 pairs, 
filiform ; in trans- 
verse series in two 
segments. 


equal in size, 
unequal in size 

► 


AmphUriU. 
24 notopodia. 

Terebclla. 
17 notopodia. 


/■Gills equal. 

| Eye-spots. Nicolea. 

Gills unequal and p . . 

I of peculiar shape. lAta ' 

Lcpreu. 


Thdepus. 


Amphitrite johnstoni Mgrn. (Fig. 175) is brown in colour, 
about 4 to G inches in length, and nearly ^ inch in breadth 
anteriorly. Each of the gills consists of a curved stem ; from the 
convex side of which arise a number of branches, themselves 
dichotomously divided, the final branches being long (Fig. 176, A). 
There are twelve ventral “ gland shields.” The worm is fairly 
common between tide-marks, below stones in muddy places: the 
end of its tube of mud projects above the surface. Atlantic. 

TerebeUn ( Polymnia ) ncbulosa Mont, is distinguished by its 
bright red colour, spotted with white ; it is 6 or 7 inches in 
length, and £ inch across. Large specimens of this beautiful 
worm may be obtained at Weymouth and elsewhere on the south 
coast, where it lives in about 14 fathoms. Each gill appeals 
much more arborescent than in the preceding (Fig. 176, B); it 
consists of a main stem, from which comparatively few branches 
arise ; these subdivide frequently, and the terminal branchlets 
are quite short. The “ gland shields ” are fourteen to sixteen 
in number. The tube is of mud. North Sea and Mediter- 
ranean. 1\ ( Lcprc.a ) lapidaria L is 1 inch in length, orange-red 
in colour ; and has 1 2 ventral shields. The tube, of fine miid, lies 
horizontally on the under surface of stones. 

T. (Lanir.e) conchilcga Pall, (the “sand mason ) forms a 
very characteristic tube of sandy particles, small pebbles, ami 
pieces of shell. It is buried in the sand, but a short portion 
protrudes, and bears, set round its edge, a fringe of branch- 
ing sandy threads (Fig. 153) commonly seen on sandy shores 
between tide-marks. The worm may be distinguished from the 
preceding species by the fact that the series- of fourteen to seven- 
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teen gland shields are red, and continuous from segment to seg- 
ment. The gill is shown in Tig. 176, C'. North Sea, Atlantic, 
and Mediterranean. 

Nicolea venustula Mont, has only two pairs of equal, arbor- 
escent gills (Fig. 176, D); the tentacles are comparatively few. 
The animal, which is about an inch in length, is cinnamon- 
yellow with white spots, and has seventeen gland shields. 20 
fathoms, North Sea and Mediterranean. Pista cristata MiilL is 
readily recognised by the shape of the gills (Fig. 176, E), of 
which there are only two pairs. Each consists of a long peduncle, 



y ,V 6 -^? 1113 ° f vario,u TcnjWlluIs. X - 1 . A, AmphUrite johnstoni Mgrn.; B. 
frrtMla nebulosa Mont. ; C, T. conchUrga rati. ; D. Xicolea Mgrn. (the finer 
branches are not indicated); E. Pista Mgrn.; F, Terebcllidts Sara (afUr Malm- 
gren). y y Gill ; tji, mouth ; t % tentacles. 

l>earing a number of dichotomously dividing, rather spirally- 
arranged branches, the whole having the appearance of a “ bottle- 
brush. The worm is 2 to 4 inches long, of greyish-red to yellow 
colour. Atlantic east and west (even at the mouth of the Congo), 
and Mediterranean. Thelepus cincinnatus Fabr. is about the same 
length, pule red in colour, marked on its back with clear areas, 
giving the appearance of lace work. The gills are represented by 
numerous unbranclied filaments arising separately in two trans- 
verse rows. The tube, which is adherent to shells, etc., along its 
whole length, is of thin, transparent, and flexible material like 
mica, covered with foreign bodies, and even with Polyzoa and 
Hj drozoa. 30 fathoms, Atlantic and Mediterranean. 
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Polycirrus aurcintiacus Gr. is sometimes placed in a special 
sub-family, as it has no gills. The numerous tentacles are 
very long, and arise from a great hood over the mouth ; the 
capillary chaetae commence in the first segment and extend for 
about half the length of the body ; the uncini commence in the 
ninth segment. The ventral “ shields " are paired. The animal 
is highly coloured ; its phosphorescence and its distastefulness 
have already been mentioned on p. 294. In Terebcllules stroemi 
Sars, four comb - like gills arise from a single common thick 
peduncle on the back of the second segment (Fig. 176, F). The 
ventral surface of the body bends upwards anteriorly so as to 

bring the mouth to the dorsal surface. 13 to 
16 fathoms, muddy bottoms, North Sea and 
Mediterranean. 

Fa.m. 3. Ampharctidae . — This family differs 
from the Terebellids chiefly in the shape of the 
head and in the presence of a bundle of strong 
chaetae (or paleae) on each side of the head in 
front of the gills, of which there are four on 
each side. Each gill is a simple filiform pro- 
cess, considerably longer than the tentacles, 
which are very few in number. Amphicteis 
gunneri Sal’s, Ampharetc gracilis Mgrn., and 
Jfelinna cristata Sars, occur on our coasts. 

Fam. 4. Amphictenidm . — This contains the 
interesting genus Pectinaria, in which the head 
is protected by great golden chaetae on the 
second segment; they are flattened, curved, am 
pointed, and are arranged in a single trans- 
Fia. 177 :- p ectinaria yerse row oll each side, serving as an oper- 

SHghtly enlarged, culum to the tulie. The posterior end o t e 

worm has undergone great degeneration, and is 
podium e/z/palenc ; represented by a small leaf-like “ scapha w nc i 

tfSiSSStS serves to close the tube posteriorly. The wonu 
clc.s; /, peristo- j s inches in length and consists o } 

~'- )(F r<>m Ztl^TlTu^e 

r t!Lf 'i'u 2VE& KjS 

mucus. in a very regular way, the surface berug smooth both 
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inside and out. These tubes can be carried about by the worm, 
but may be found projecting from the sand at very low tides. 
P. belgica Pall, forms a straight tube, whilst in P. auricoma 
MiilL the tube is larger and slightly curved The former species 
appears to be coufiued to the North Sea ; the latter occurs in 
deeper water,, and is also present in the Mediterranean. 

Sub- Order 4. Capitelliformia. 

Fam. Capitellidae. 1 — Capitclla cnpitata v. Ben. occurs pretty 
frequently in the sand under stones near low tide-mark. It is a 
red worm, about l£ to 2 inches long, greatly resembling a Tubi- 
ficid Oligochaete. It may readily be distinguished from other 
Polychaeta by the strong genital cliaetae in the male, which 
replace the notopodinl chaetae of segments 8 and 9 ; those in the 
former segment are pointed backwards, and in the latter forwards. 
There is but a single pair of generative ducts in either sex in 
the eighth segment. North Sea, Mediterranean. 

jYotomustus latcricei/s Sure is a longer worm, living in shallow 
water, off our coast and in the Mediterranean. The anterior 
twelve segments are wider than the rest of the body. The 
notopodial chaetae of the anterior segmeuts of the hind body 
form a ring. Dasybranchus cadvcus Or., which occurs in the 
Mediterranean, but not on our coast, reaches a length of 2 or 3 
feet. It has gills on the hinder segments above the ueuropodia. 
ftfcistubranchus Eis. is found in the Mediterranean. 


Sub- Order 6. Scoleciformia. 

Fam. 1 . Opheliidac. — Comparatively short, rather ugly worms 
of a pearly colour, no prostomiul processes : pampodia obscure. 
The family is represented in British waters by four species, 
occurring in shallow water. 

Ammotnjpane aidoganter Kathke, is about 2 inches long ; 
the nearly cylindrical body has a lidge running along each side 
below the cliaetae. The conical prostomium is tipped with a 
small knob, and carries at each side a ciliated pit (Fig. 144, 
p. 273). Every segment, except the first chaetigerous, is pro- 
^ded with a filamentous gill (dorsal cirrus). The segmentation 
1 Eisig, “Die Capitelliden,” Fauna «. Flora G. r. Xcajwf, Monogr. xvi. 1887. 
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is very obscurely marked, for internally there are only three 
complete septa, placed far forwards. The intestine is bent upon 
itself. In Ophelia limacina Ethk. the gills commence in the 
eighth segment, and the longitudinal ridge does not extend in 
front of this segment. The worm is about 1A inches long, and 
occurs between tide-marks. Travisia forhesi Jnstn., North Sea. 
Pohjuphthalmvx pictus 1 Duj. is very abundant at some parts of 
the coast. There are two bundles of chaetae on each side of 
every segment ; each bundle contains three chaetae, of which only 
one projects to any distance. Paired eye-like spots exist on the 
sides of twelve segments. The worm is about an inch in length. 

Fam. 2. Maldanidae ( = Clyimnidac ). — Kepresented on our 
coasts by four fairly common species. They form sandy tubes, 
which are embedded iu the sand witli a short portion projecting. 
In some places they are so abundant that at low water the sand 
has cpiite a rough appearance. The prostomium is frequently 
truncated and depressed, and is always fused with the peristomium. 
A horny plate may be developed on the upper surface of the head, 

and the skin at the side of the prostomium is 
iyL frequently raised into a more or less prominent 

%£. fold. The hinder end of the body carries a 

funnel surrounding the anus. There are no gills 
or sensory processes on the body. Some ol 
the segments towards the middle of the body 
Flo. 178 .— Aual fun- ma ,, p e longer than the rest. Peculiar serrated 

nlmblTcaTis. hooks of characteristic shape constitute the neu- 

(Froin Malm- r0 p 0 ,ii a i “ torus.” The buccal region is eversible. 

^ * Nicomaxhe lumlyricalis iabr. is a rosy-pink 

worm with white spots anteriorly; the chaetigerous ridges are 
red. The worm consists of twenty-six segments, and measures 
2 or 3 inches. It is very narrow and readily breaks in pieces. 
The prostomium is laterally compressed; the anal funne is 
fringed with a number of short equal processes. Under stones m 

the Laminarian zone. , 

Axiothea catenata Mgrn., which may reach a length ot a 
4 inches, resembles the above iu general colour, thong i o 
deeper tint. There are only eighteen chaetigerous segm 
The head has a membranous fold of skin on each side, and the 
anal funnel is produced into longer and shorter processes. 

1 Ed. Moyer., Areii. mikr. Anal. xxi. 1882, p. *69. 
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FXO. 179. — AxioUtea cate- 
na fa. x $. a. An- 
terior end ; b, uotopo- 


of the Atlantic. Cly- 
mrne hnnbriaii<1es Qfg. 
is about 8 incites long ; 
pink, with a light ring 
rum ul each segment ; the 
seventh segment is larger 
and reddish-brown. Tlie 
prostomiiun is laterally 
compressed. Anus on a 
cone, which rises from 
the bottom of a funnel, 
the margin of which is 
entire. Atlantic. 

Fam. 3. Arenico- 


dial au <1 c, neuro- 7 . , T T , , 

poiiial choet.oe ; ,,, l uluc . — Here belongs 


perianal funnel. (From the Common “ lllg- 
Maliugreu. ) „ . . . . 

worm Aremcola marina 


L., which occurs all round our coasts between 


tide-marks, and is so generally used as bait 
in fishing. The worm, which measures 5 to 8 
inches, is of a dark tint, usually brownish- 
given. It burrows to a depth of some 18 
inches or 2 feet, and throws up a consider- 
able quantity of “castings” or “ sand-ropes,” 
which are noticeable on every shore consist- 
ing of mud or muddy sand. The body of 
the worm is cylindrical, thicker anteriorly; 
the segments are indistinct, owing to the 
secondary groovings and furrows on the skin. 
The prostomiiun is in the adult fused with 
the peristomium ; this and the second seg- 
ment are aehaetous. Then follow twenty 
chaetigerous segments with dorsal bundles of 
capillary chaetue and ventral rows of short 
crotchets. The hinder region of the body 
is aehaetous and narrower than the rest, 
forming a “ tail.” There are twelve (some- 
tunes thirteen) pairs of arborescent red «dlls 
on segments 9 to 20 (21). Internally tinware 



Fig. 180 . — A re nice! a 
rina. x 1. I>or*rti 
view. The anterior end 
is seen partly from the 
siile. 11 / , The first 
chneti-erom segment ; 
/•V, the ninth chueti- 
gerou*, aud first 
branchial segment ; 
-V.Y7, the lost bran- 
chial segment ; 
liotopotlial mid <*, 
nciiro|)odial chaetae ; 

the first and last 
gills ; /, the nou-chae- 
tigerous tail. 
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only four complete septa, and six pairs of nepliridia, which are 
of large size: the fore-gut is eversibla Atlantic and Mediter- 
ranean. A second and smaller species, A. ecaudata Jnstn., occurs 
on our southern coasts ; it is readily distinguished by the absence 
of a “ tail,” the chaetae and gills being continued to the end of 
the body. 

Fam. 4. Scalibregmidae . — Prostomiura ill -marked, fringed 
with small processes. Parapodia represented by slight papillae ; 
two bundles of chaetae ; usually cirriform lobes above and below 
them. I/ipobranchius jeffrcysii M‘I. has a grub-like body pointed 
at each end ; forms tubes of mud. Firth of Clyde and elsewhere 
in North Sea. Sclcrocheilus Gr. in old oyster shells. Channel, 
Mediterranean. Eumenia crassa Oerst has gills on first six 
segments. North Sea. Scalibregma infiata Rthke. has arbor- 
escent gills on segments 4 to 7. The anterior part of the body 
is dilated. North Sea. 


Fam. 5. Chlorhaemidae . — The family derives its name from 
the green colour of the blood, due to cldorocruorin. The repre- 
sentatives are comparatively short worms, with capillary chaetae 
on all the segments, the limits of which are not evident. The 
prostomium carries a pair of long grooved yellowish processes, 
which are perhaps palps, and several green tentacles, acting as 
“ gills,” arranged in a transverse series above the mouth (Fig. 134, 
F, p. 202). The peristomium is achaetous ; the whole “ head ” can 
be withdrawn into the body. The chaetae of the anterior seg- 
ments are especially long, and directed forwards so as to form a 
“ cage ” for the head The body-wall is covered with longer or 
shorter papillae. Internally, the chief points of interest are the 
presence of only two septa ( Trophonia ) or only one septum (Sipho- 
nostoma), situated somewhere in front of the middle of the hot), 
and forming a great backwardly-directed pouch, which contains 
a part of the looped intestine, and the nepliridia, of which there 


are only two or four. . . 

Trophonia vlumosa Mull, is about 2 to 4 inches long, 

yellowish-brown in colour, with a rough skin ; the head is usual y 
retracted. It lives in the mud amongst Diniinarian roots down 
to 50 fathoms. North Atlantic. Siphonostoma (Mabelhgcr ) 
diplochuitos Otto, has a transparent body-wall, so 
coloured viscera arc visible. The •*.» carr.es longjapUae 
which traverse a thick jelly-like envelope, secreted by It, m 


xn 


SCOLECIFORM I A 


335 


which numerous diat-oms live (symbiotic-ally f) ; the surface is 
covered by particles of mud, etc. This species, which may be 
iound under stones at low tide, occurs also in the Mediterranean. 

1-AM. G. Stcruaspidac . — The single genus , Stcrnaspis, has not 
l>een recorded on our coasts, but is of so peculiar a structure as to 
deserve a description. 1 S. scatata lum/.ani, occurring in the 


.7"* 








s-izn, 


> ,<i ’ »rulntn Ranz. x 2. (From Vijdovaky. ) The left figure shows the 

vKliirni curiAi.A • II.. .t_L4 . . ■ it • . ■ v 


«**• \ the "« h ‘ represents the internal org*^^ sUu when the Wy-wall 
ni.aiwn. ? !,u1e * ‘" vn,g beeu , 8lit l, P olou K it* dorsal surface. «, Amis ; e, gills ; «•/,, 
►liLd • “/a 00 ?! c,,neU “ J ; «**» ,1 «>“Uea of chaetae along the lateral margin of the 
carrvhi'i/ 1' , pa ' ten " r '»“IK™*1 chaetae; d, oviduct; g k the external tulxs 
ovary n *' , " te * t,ne • ’*• »ephridium (“brown tube”); 

«i.»l SKIS it ntinjentary canal ; p pharynx ; pr. prostouiium, 

out] iu e of J i ^ 4 ? ,k \ < ou ,eft *gw»)s * stomach (on right) ; sh , 

i til rr tbr ? 1 Ugh . V ,C Veutnd M y-' val1 <*» right figure) ; * chaetae 
cU m tue bo*ly-wolJ, with nerves passiug by them. 

Mediterranean, is rather less than an inch in length, and derives 
its inline from the possession of a pair of peculiar “ horny ” plates 
s in* i s on the ventral surface posteriorly. Around their 
iMrgins are set about thirty bundles of long capillary cliaetne. 
I kmc are three half rings of stronger chaetae on each ‘side near 
an mm end ol tlie hotly. The mouth is overhung by a very 

iss2, i '“ t *■ ■- 33 ; 
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small rounded knob (prostomium), which in S. spinosa Sluiter, 
is prolonged outwards on each side to form a grooved palp- 
like organ, recalling that of Bonellia. The anus is placed 
posteriorly ; and in front of it, on the dorsal surface, are two 
bundles of many long thread-like gills. On the ventro-lateral 
surface, in front of the middle of the body, is a pair of finger- 
shaped processes containing the genital ducts. The anterior 
segments of the body can be withdrawn into the body, as in the 
Chlorkaemidac. Further examination leads to the conclusion 
that the body of Sternospis consists of about thirty segments, 
most of them provided with paired bundles of capillary (neuro- 
podial ?) chaetae, distributed as follows : — Each of the segments 
2, 3, 4 has a half ring of strong chaetae on each side ; segments 
5 to 7 are without chaetae; segments 8 to 14 have chaetae em- 
bedded in the body-wall, but not projecting. The shields cover 
the remaining segments ; and along the outer edge of each are some 
ten bundles of chaetae, and along the hinder edge some five or six 
bundles, representing as many segments. Thus the worm consists 
of about thirty segments whose outlines are nearly obliterated 
(as in the Chlorhaemidae), and whose chaetae, except those which 
are specially developed, are disappearing : while posteriorly a 
great shortening of the body brings the bundles close together. 
A continuation of this process, involving a further disappearance 
of chaetae, leads readily to the condition met with in Echiurus, 
one of the chaetigerous Gephyrea. Internally, further evidence 
of the relation between Stcrnnspis and the Chlorhaenuds with 
the Gephyrea is afforded by the absence of septa, by the coiled 
alimentary canal, and by the presence of a single pair o 
nephridia, which in the latter group act both as excretory 

organs and as genital ducts. 


BRANCH B. CRYPTOCEI’HALA. 

Sub-Order 1. Sabelliformia. 1 

*'AM. 1. HcMUd,,,, - The branchial crown omristo »< 

usually consklemble number of filn.nents among from a * 
Zulur base. The ,,eristonhu,n nmy 1, n,Hex«l to hmn a collm, 

. for anatomy sec Meyer. >U. SM. Kca,*l. vu. 18i»- 
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wliieli is frequently notched, so that a lateral and a ventral lobe 
on each side may be distinguished (Fig. 133, B, p. 2G1). The 
thorax consists of nine segments, and is provided with ventral 
“ shields,” which are continued along the abdomen, where 

they are subdivided into two by a ciliated “ faecal groove,” which 
sometimes bends to one side on reaching the thorax, and may 
extend forwards along the dorsal surface to the head : this groove 
serves to carry the faeces out of the tube. The gill filaments 
are always provided with secondary processes, and may be pro- 
vided with compound eyes. 1 The tubes of the Sabellidae are 
always of fine mud or of sancL 




Sabdla pavoma Sav. is about 10 to 12 inches long and 
about i inch across; the tube of fine mud is considerably longer 
and embedded deeply in the mud, with its free end projecting to 
some - or more inches, where it serves for the attachment of 
seaweed 1 olyzoa, Hydrozoa, etc. The colour of the animal is 
orange-brown; the gills, which are about l£ inches long, are 
green (due to contained blood) marked with more or less extensive 
Wu »r purple-browu spofc, which n,a y even hide" ™ 

d^hnosT^l 3 mCntt dark 

which have been errone- ff 

stonnal tentacles”; they 
are, in fact, prolongations 
of a peculiar membrane or 

lip round the base of the MlMvSSSl ** 

gills, which bounds a groove J| 

processes (Fig. ||jjgl|^ 

SabeUkk Atlantic, North llljill 
oea, and Mediterranean. Illfi^iSsiS! 

Branchiomma vesicu - A ' 

tur'n^W^rd 4 P, °B 18 otn A - \ «“ of Branca ; 

T| , 10W tide -mark. ? • &*Wchone. a, Axis ;/, secondary tila! 

ine animal, measuring 6-7 uts ’ 0> e *° '* Xf ^ oreal appoudices. 

white ; the venU^Uurfa^e^^t r1 ^’ abundautl y speckled with 

, pink ; the gills are green or olive- 

VOL. II 11 r ° WS ’ Journ - Morph. V. 1891, p. 271. 
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brown, marked with white bands in a fairly regular fashion. 
Each gill filament has, just below its tip, a compound eye, con- 
sisting of several lenses and retinae. North Sea and Medi- 
terranean. 

Dasychonc boonbyx Dalyl. is a short, comparatively stout worm 
usually 1 to 1^- inches long ; reddish-brown in colour, with a 
darker spot on each side of every segment. The gills are lighter 
with greenish marks. This worm may readily be recognised, for 
each of the gill filaments carries some six to ten pairs of dark 
compound eyes at intervals along its length, and near to each pair 
there arise two short processes from the outer side of the fila- 
ment, which are known as “ dorsal appendices.” The worm 
forms a tube of mud, more or less mixed with sand. It occurs 
at low water and to some depth round the coasts of the 
Atlantic, North Sea, and Mediterranean. 

Chone infundibvliformis Kroyer may be recognised by the 
absence of lobes on the collar, the presence of a membrane con- 


necting the giU filaments, and the passage of the faecal groove 
along the dorsal surface of the thorax. The worm is 6 inches 
long, with purple gills, spotted with yellowish- white. The tube 
is formed of yellowish membrane covered with sand, and is 
fixed to stones and other objects. Potamilla reniformis Mull, 
is about 3 inches long, with about twelve brown gill fila- 
ments, some of which have eyes near the base. The tube 
is transparent and horny, with sometimes a slight covering o 
sand. Found in old oyster shells. North Sea, Atlantic, Medi- 
terranean. 

The genus Spirographis contains one of the largest European 
Sabellids, S. spallanzanii Viv., which occurs off the Channel 

Islands and in the Mediterranean. The two gill P I '“ n ®£! 
unequal ; the large rone forms an upright, spirall) -coded 

° 01 Fam. 2. Eriograph idae. — Myxicola infundibulum M ° nt 
gill filaments connected by a membrane reaching neai y 

o . ^ _ • flmrp nrft llO e> CS , wie 


I'll! uiuiuv*»vu y . _, oC • 

tips. Each gill plume forms a semicircle ; there are no eye ^ 
peristomium does not form a collar; no gland shields. ^ 

requires neither of these structures, since it is practice J T he 
swimmer, envelopes itself in mucus, and moves tad te - 
faecal groove is not well marked, though continual ^itaally 
the abdomen the tori uncmigen extend dbrsally 
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(beyond the neuropodial chaetae) and nearly encircle the body. 
The animal is 4 or 5 inches long, dull green, with purplish gills. 
Between tide-marks. North Sea and Mediterranean. 

Amphiglcna mediterranea Leyd. is only about 4 inch long, 
hermaphrodite, and has eyes on the peristomium and on the anal 
segment. It is a very elegant little worm, and as a living object 
under the microscope, with the cilia on the gills, is very beautiful. 
The gills consist of six filaments on each side, provided with the 
usual double row of ciliated processes. 

Fam. 3. Amphicorinidae . — Small hermaphrodite Sabellids in 
which each gill tuft contains only a few branching filaments. 
The simplest form is Haplobranchus aestuarinus Bourne, 1 which 
occurs in the rather foul mud at low tide in the estuaries of the 
Thames, the Liffey, and other rivers. The animal is about 4 
inch long, with four finger-shaped processes on each side, and a 
pair of larger, vascular processes on the ventral surface. These 
five branches are gills (palps), although, owing to the small size of 
the worm and simple vascular system, the four lateral filaments 
have no blood-vessels. The animal consists of only eleven 
chaetigerous segments, and lives in a tube made of mud particles. 2 
Fabricia sabella Ehrenb. ( Amphicora fabricia Mull.) has three 
gills on each side, each with a number of secondary branches of 
different sizes, but so arranged as all to reach the same level. It 
lias eyes in its tail and swims backwards. 

Fam. 4. Serpulidae. — The thorax is provided with an un- 
dulated membrane on each side, chiefly employed in smoothing 
the inside of the tube; it represents the dor-sal and ventral 
cirri of these segments. The gland shields are confined to the 
thoracic segments. In many genera the dorsalmost gill fila- 
ment on one or both sides is terminally dilated and serves as an 
operculum. The tube is calcareous, and attached to rocks, shells 
etc., for a greater or smaller part of its extent. 

Serpula vermicularis L. forms a pinkish tapering tube about 
3 inches long ; the narrower fixed end is coiled. It is marked 
at irregular intervals with encircling ridges, indicating cessation 


. t G * Bo «fne, Qtuiri. J. j Iier. Sex. xxiii. 1883, t>. 168. 

- Closdy aU.cd is .Vamvjunkia Lcidy, which occurs in fresh-water lakes of 

the elation rf ‘ Cr ™ 1 T va J cr «° DU9 ia Coabangia Giarxi, which perhaps deserves 
L™ n a T C J f " mly - The “» is ventral and anterior. The chaetae are 
peculiarly arranged, dorsal uncini being present only on four segments. The first 

body segment came, a ventral bundle of live great “palmate” chaetae. 
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in formation, and has a circular aperture. The worm itself 
about 1^- inches long. The horny operculum is conical, with 

its base upwards, fringed 
with short processes. 20 
fathoms in the North 
Sea and Mediterranean ; 
also from 275 fathoms 
off the west coast of 
Ireland. 

Pvmcitoceros triqueter 

L. — The white shell is 

adherent, with a distinct 

keel along its upper 

surface ; the aperture is 

overhung by a spine. 

The tubes are abundant 

everywhere, attached to 

rocks, stones, shells, etc., 

between tide-murks and 

down to 18 fathoms. 

The animal is very 

handsome, the thorax 

being deep blue, the 

abdomen red in the 

female, whitish in the 
Flo. 183. — A group of tubes of SerpuUt rrnrncularxs L. , m, hmnobiae 

from the mouths of two of which the animals are l lpe male, llie braUCIllue 

protruding, that on the right being seen from barred Ulld spotted 

above, br, The gill plume ; m, thoracic membrane ; ..,,,1 

op, operculum ; op, corres|>onding gill tilainent with blue, OlUll^e, 
of the opposite side; t, tube. (From Cuvier's . tj ie operculum 

Rlgne Animal.) Nat. size. ’ 1 fur- 

ls calcareous, anu lur 

nished with a couple of horn-like processes. 

FUigrana implexa Berkeley is a small worm, but the Render 

white tubes intertwine and adhere together in masses 01 . 
inches high, occurring at low tide and down to 18 thorns 1,1 
the North Sea and Mediterranean. The animal has on y o 
gill filaments on each side, one of which on each sale is e J o 
expanded to serve as an operculum. The worm mu ip 

transverse division. , 0 f 

Spirorhis borealis Daudin is a still smaller worm, the tube o 

which is coiled in a flat spiral about Vo to s inch acl0bS ’ 
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It is repre- 


common, adhering to Fucus, shells, and other objects, 
sen ted by fossils in the Palaeozoic 
rocks. Cosmopolitan. 

Protula (Psygmobranchus) 
tubularia Mont, is a Serpulid 
without an operculum ; it forms 
a straight or slightly and irregu- 
larly curved tube. Atlantic and 
Mediterranean. Salmucina dys- 
teri Huxley has no operculum ; 
it is a small worm incrusting 
seaweeds, or forming masses like 
Filigra na. 

Sub-Order 2. Hermelliformia. 

The single family Hermellidae 
is represented by two species — 

Sabcllaria alveolata L., which is _ 

littoral, and S spinulosa Leuck., Fl0 . £ tte <M1 

iarg?< l. the annual, x 50, c. 

Peris tom ial collar ; eggs in the brood 
pouch at the end of the operculum ; 
ffy gills ; m, thoracic membrano (char- 
acteristic of Serpulidae) ; w, the single 
pair of thoracic nephridia opening by 
a median dorsal pore l>eneatli the 
collar (common to all Sabelliformia) ; 
o t ova in the anterior abdominal seg- 
ments ; op, operculum ; s , sperma- 
tozoa in the hinder abdominal seg- 
ment* ; st 9 stomach. (From Clapa- 
rede.) 



occurring in 10 to 30 fathoms. 

alveolata 1 is about an inch 
long ; the thorax is purple, the 
abdomen yellow to red. The 
narrow caudal region is bent 
sharply forwards, so that the 
anus, situated at its tip, comes to 
lie at the orifice of the tube, 
which is irregular and sandy. 

Great numbers of the animals live together, so that the masses 
of them tubes may be 2 or 3 feet thick and seveml feet long. 
They are well seen on the shore, at Paignton, near Torquay, and 

MeZZZZIr*' ° ff the CheShire C0 ^ North Atfantic, 

Order III. Myzostomaria. ^ pi" 

Thjs Order 2 contains small animals parasitic on Crinoids. The 

2 von 1887 ; ,e. .Wo, r . SOC. 

“ SupplomenV’ »• '»>• - ™ < -* 
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single family, Myzostomatidae, contains lmt two genera, Myzostoma 

F. S. Lkt. and Stelechopus 
v. Gr. 

Some of them move, 
more or less actively, on 
the surface of their hosts, 
others live in a sessile 
condition between the 

joints of the arms or pin- 
nules, causing a greater 
or less malformation 
thereof, sometimes leading 
to the formation of a more 
or less globular cyst like a 
plant -gall, due to over- 

growths of the joint, as in 
M. deformator v. Gr. and 

Flo. 185. — Myzostoma glohrmn Lkt., on the disc Jf cysticola, V. Gr. : while 
of Antedon rosacea . The hermaphrodite in- ir I**;** *r Clr Jq pnrlo- 
dividual ( ?) lies over the mouth of the Antedon PUlvinai ^ . Or. IS enClO 

and carries on its back at the anterior end a parasitic in the intestine. 

young one (6) with only male organs fully rp OCCUr Oil OUr 

developed, up. The anal papilla of Antedon. x 4. J- ' O Spe 

common Antedon (Coma- 
tula) rosacea ; one, M. cirriferum Lkt., creeps about the oral surface, 
especially along the food grooves of the disc and arms ; the other, 
M. glabrum Lkt., lives close to the mouth of the Crinoid, so that 
its pharynx can be inserted into the oesophagus of the host , this 
species rarely moves from this position, and carries a young one 
on its back. 

The Myzostomaria are circular or oial, more or less maike ) 
con vex dors allv, flat ventrally ; StelecJjjunis, however, which lives 
on JTyocrinus, is elongated. The margin of the body is provide 
with ten or inore'"puirs of cirri, short (M. ylabi'um) or long 0 • 
cirriferum), and the general appearance of the animal is grea J 
changed in some species by the great elongation of the mnaei 
cirri, into which the viscera may extend (M. filicauda, v •> 
On the ventral surface are fi ve pairs ot small conical paigESL i‘*. 
arranged, like the internal organs, in a radiate manner, 
pampodium carries a co uple _fl f chaet ac ; one a hook, t 
1 ving us u " guide ” for this hook. The four^U» 

•h side are either glandular or sensory organs ; and 
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considers them homologous with the lateral organs of Capitellids ; 
they are usually little developed in those species which live 
insi de cvstsi The mouth and anus are usually ventral ; but in 
M. f/labrum the <nmisJis-dei*sal ( and in a few species both aper- 
tures are carried on to the back by the great development of the 



186. i rriferu in . (After Lang and v. Graff.) The organs are supposed 

to be seen by transparency. On the right side the more dorsal organs are shown, 
and on the left, those lying more ventrally. a. Anus ; <% ten pairs of marginal cirri ; 
/ to the five pnrapodia of the left side, each with two choetae ; £, the branches 
of the intestine on the right side ; v/r, mouth ; o , the opening of the oviduct ( od ) into 
the rectum ; or, the uterus or coelom, tilled with eggs, occupying the 6paces between 
the lobes of the intestino ; p, the pharynx (acrecbolic introvert) lying in the 
pharyngeal sac ; r, rectum ; s f the four “ suckers " of the left side ; these, like the 
parapodia, really lie ou the ventral surface ; st % stomach : L the branching testis : 
o, the pore of the sperm-duct 

ventral surface. The alimentary canal is provided with a pro- 
trusible pharynx ; the intestine is branched ; amongst its branches 
is the cqelojn^packed with eggs, and functioning as a uterus 
(usually called " ovary ”). The true ovary is a small mass of 
” on each side, a proliferation of the coelomic epithelium 
covering the intestinal wall. A median continuation of the 


344 


MYZOSTOMARIA 


CHAP. XII 


uterus passes backwards above the rectum, and opens either into 
it or by an independent pore dorsal to the anus. The “ lateral 
oviducts ” of Nansen are ne phridia with c iliated funnels opening 
into the coelom (uterus), and with pores leading into the cloaca 
on its ventral surface; or, in M. belli Wheeler, opening to the 
exterior. The tw o test es ire be nched and each sperm -duct 
opens lateral ly on a papilla , just outside the t hird parapod ium of 
ea ch sid e. Wheeler 1 has recently shown that in the young 
Myzostoma the sp ermatozoa ripen before, the ova, so that it is 
functionally a male ; before the spermatozoa are all discharged 
the ova mature, and the animal is for a time hermaphrodite; 
later on, however, when all the spermatozoa are used up, the 
worm is a female. Beard’s “ dwarf males ” are therefore merely 
the young of hermaphrodite forms. In cysticolons species each 
cyst usually contains a large female individual and a small 
male. In these cases the young one (male) discharges all its 
spermatozoa before the ova ripen, so that o period of immaturity 
intervenes and a true hermaphrodite condition is omitted ; the 
animal is at first male, and later female. The Myzostomaria 


are thus “ protamine hermaphrodites.” 

The affinity of these animals has been much discussed ; they 
superficially resemble the Tardigrada in many anatomical features, 
and differ greatly from Chaetopoda, but as they possess the 
r.1',1 raetPi st'ifToh aetae or oarap odia, and pass through a larval 
stage Wvy&rJCa that of the Polycliae tes, there is no doubt that 

a.ll ipd to the group, and indeed may be regarde d 
lerate CJiaetaDoda-^t has been suggested that they form 

m them and the Tardigrada ; and von 
'Stelechopoda, to include the Myzostomaria, 
Imd the Linguatulida. 

Slat. Neapel, xii. 1896, p. 227 ; where, too, sec literature. 

2 Beard, Mt. Zool. St. Neap. v. 1884, p. 544. 
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CHAPTER XIII 

OLIGOCHAETA (EARTHWORMS AND THEIR ALLIES) 

INTRODUCTION ANATOMY REPRODUCTION BIONOMICS DISTRI- 
BUTION CLASSIFICATION MICRODRILI AND MEGADRILI 

The Oligochaeta form a well-marked branch of that exceedingly 
large assortment of animals vaguely spoken of as worms, and 
embracing a number of types many of which have no near 
relationship to each other. From this great and unnatural 
group, which has survived as “ Vermes ” even in some quite 
modern text-books, we can separate off those forms which show 
a plain segmentation or division of the body internally as well 
as externally into a series of more or less similar rings, as an 
Order Chaetopoda. This Order, consisting of the subdivisions 
mentioned on p. 241, includes the worms which form the 
subject of the present chapter — the Oligochaeta, as they were 
originally called by Grube, on account of the fewness of their 
chaetae as compared with the number possessed by the majority 
of the Polychaeta. 

Our knowledge of this group, as of so many others, dates from 
Aristotle, who called the earthworms the “ intestines of the earth.” 
But it is only very recently that the numerous and remark- 
able genera of exotic earthworms have been anatomically 
investigated ; indeed the common British species was not 
really well known before the publication of the memoirs of 
Lankester 1 and Claparcde 2 in 1864 and 1868, in spite of the 
elaborate quarto devoted to it by Morren, 3 the botanist, in 1826. 

1 Qxcart. J. Micr. Sci. (n.s.) vol. iv. 1864, p. 25S ; and v. pp. 7, 99. 

a Zr.itadtr. xriss. Zool. xix. 1869, p. 563. 

s Dc Lximbrici tcrrcstris Uislorin naiurali, Brussels, 1829. 
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Some of the aquatic species afforded material to Bonnet and 
Spallanzani for their experiments upon the powers of regenera- 
tion of the animals when cut into fragments, while the work 
of O. F. Muller 1 upon various Naids is a monument of careful 
anatomical description. Our knowledge of the aquatic Oligo- 
chaeta does not appear to have advanced so rapidly as has that 
of the earthworms. 

External Characters. — The most salient external characteristic 
of this group of worms, which vary from 1 mm. to 2 metres in 
length, is of course the segmentation. The entire body is 
divided into a number of rings, which are for the most part 
similar to each other ; a fragment of an earthworm’s body could 
not be accurately replaced unless it had been cut from the 
anterior region. There is precisely the same regular segmenta- 
tion in the aquatic representatives of the Order. At the anterior 
end of the body in the common earthworm (and in nearly all 
Oligochaeta) is a small unpaired lobe, which overhangs the 
mouth, and is usually termed the prostomium ; the mouth itself 
is surrounded by the first segment of the body, which never bears 
any chaetae in any Oligochaete. The prostomium is occasionally 
greatly developed, and in such cases doubtless forms a tactile 
organ of importance. This is especially the case with the South 
American genus Hhinodrilus, where the lengthy prostomium can 
be retracted at will. The aquatic Artis Icicustris ( = Stylaria pro- 
bosciclca ) has also an exceedingly long prostomium, which cannot, 
however, be retracted, though it is contractile. At a certain dis- 
tance from the anterior end of the body, fixed for the species, but 
varying greatly from genus to genus and from species to species, 
is the clitellum. This region of the body (popularly believed to 
mark the spot where a worm divided by the gardener s spade ms 
come together again) is associated with the reproductive function, 
and serves to secrete the cocoon in which the creatures eggs aie 
deposited. It has in the earthworm a thick glandular appear- 
ance. A more minute examination of the worm’s body will show 
the orifices of the reproductive ducts and of the excretory organs 
which will be found described below. In addition to these 
all British earthworms and a large percentage of the tropi(* 
forms have a row of pores along the back, which are between the 
successive segments in the median line. These “ dorsal pores 
1 Katurrj. tin. Wurm-ArUnd. s^cnu. salzujen Watscr, Copenhagen, 17,1. 
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open directly into the body-cavity, and are mere perforations of the 
body-wall, not tubes lined by a special layer of cells. Professor 
Spencer of Melbourne 1 has observed a giant earthworm (Megasco- 
lides australis) of Gippsland which, when held in the hand, spurts 
out, to a height of several inches, the fluid of the body -cavity 
through its dorsal pores. The burrows, he remarks, are coated 
over with the same fluid, which is regarded by him as a lubricant. 
This, however, considering that the glandular cells of the epidermis 
can secrete a mucous fluid, seems to be an expensive use to which 
to put the important fluids of the interior of the body. It is 
more probable that the dorsal pores are a means of getting rid of 
waste products. Lim Boon Keng 2 suggests that the coelomic 
fluid possesses a bactericidal function. The dorsal pores are 
missing in many earthworms, and without exception in those 
Oligochaeta which live in water : but these latter worms have a 
pore upon the head, which appears to be wanting in the earth- 
worms. Dr. Michaelsen has thought that the head-pore serves 
to relieve the brain from undue watery pressure— -to act, in fact, 
as a kind of safety-valve for the liberation of superfluous fluid. 

In some foreign worms the pores of the reproductive ducts 
are conspicuous external features (Fig. 197); even in our 
British species the turgescent male apertures upon the fifteenth 
segment are sometimes quite obvious. 

Structure of the Body-Wall. — The body-wall consists in all 
Oligochaeta of three recognisable sheets of tissue. Outside is 
the epidermis, which always consists of a single layer of cells, 
except in the clitellar region of earthworms. It is a point 
of difference between the aquatic genera and the terrestrial 
forms that in the former the clitellum is only one cell thick, 
while in the higher Oligochaeta it is made up of more than one 
layer of cells. The epidermis is ciliated only in the genus 
Aeolosoma, and there only on the prostomium. It secretes a 
thin layer of chitin, which is defective opposite to the glandular- 
cells, and becomes therefore perforated by numerous pores. 
The structure of the epidermis of Lumbricus has been studied 
by Cerfontaine, whose recent account 3 of the same is the fullest 
and most accurate that exists. 

Underneath the epidermis comes a layer of circular muscle-fibres, 

1 Trans. Roy. Soe. Victoria, vol. i. 1888, p. 1. 

P/nl. Travs. ckcxxvi. 1895, A, V . 383. » .1/Ah. tour. Ac. Rely. lii. 1890-93. 
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and underneath this again a layer of longitudinal muscles. In 
both layers the fibres have a softer core, outside which lies the 
radially striated muscular substance. The fibres are embedded 
in a granular matrix. It used to be considered at one time 
that such medullated fibres were distinctive of leeches as opposed 
to Oligochaeta. Their existence has been really known in the 
Oligochaeta since the researches of Ratzel ; but Cerfontaine lias 
fully described them, and emphasised the fact that the fibres of 
both circular and longitudinal coats are alike in this respect. 

Chaetae. — The passive organs of locomotion in these animals 
are the chaetae, which are absent in only one family, Discodrilidae, 
and in one other genus, Anaeliaeta. In this latter worm the 
chaetae are represented by large glandular cells, which seem to 



Fig. 187.— ChaeUe of 
Oligochaeta. x 10. 
(After Michaelsen, 
Stoic, and Vejdovsky). 
1, 2, Peuial chaetae of 
A cant hod ril us gtor- 
gianus ; 3, Sp i t o- 
spertna; 4, Jlyo- 
drilus ; 5, Lopho - 
chatta ; 6, Tubifex; 
7, 8, Nais; 9, Bohe- 
vi ilia. Figs. 3-9 are 
ordinary chaetae. 


correspond to the cells from which the chaetae arise in othfer 
forms. They are in this case, as in the others, cells of the 
epidermis. The chaetae of the Oligochaeta are not quite so 

variable in form as in the marine Polychaeta (see Fig. P* 
267). Figs. 187 and 188 illustrate some of the principal 
shapes which these bristles assume. The most prevalent oim 
is an elongated S, which has been aptly compared to Urn 

mathematical sign / This kind of chaeta “ “ _ 

earthworms, and in not a few aquatic genera such as the 1 Ln> 
briculidae. In some of the latter and in the Tublficidae and 
Naids there is the same form of chaeta which is ‘ 

free end, and possibly enables the worm to grasp the lea 
aquatic plants, and otherwise facilitates P-h— " a to 
medium than the stiff soil frequented by the ^rthwormn 
earthworms, at any rate the genus Pontoscolex, have chaeta 


XIII 


CHAETAE 


351 


this kind ; some of the aquatic Oligochaeta have elongated and 
hair-like bristles, such as that, of 'l'ubifex. In the Tubificid 
Lophochaela (Fig. 187, 5) the chaetae are ornamented on both 
sides with delicate processes, which give them the appearance of 
Crustacean hairs. Among earthworms the simple S-like form 
is sometimes complicated by the development of sinuous ridges 
upon the distal end. No doubt these bristles enable their 
possessor to get a firmer grip of adjacent objects ; they are 
very commonly found, in the family Geoscolicidae, upon the 
segments of the clitellum, and permit of a firmer union during 
sexual congress. In no Oligochaeta are the chaetae borne 
upon parapodia, as is the case with the Polychaeta j but in 




Fio. 188. — Chaetae. 
x 10. 1 , Ony- 

chochacta ; 2, Pon - 
toscolex ; 8, JW- 
chochaeta ; 3i, the 
same, more highly 
magnified. 


many of the aquatic forms there are a considerable number 
to each bundle. In earthworms the number of chaetae 
varies greatly. The common earthworms of this country belong- 
ing to the genera Lumbricus, Alloloboph&ra, and Allurus, have 
only eight chaetae upon each segment of the body, and these 
are then, as a rule, arranged in pairs or rather couples, two of 

each on each de of the bod} , The genus and ^ 

° e ‘ L? h T . a much lar 8 er number of chaetae to each 

d,ap ° Se “ contmuous round the middle of the 
E , The intermediate condition is to he seen in the genus 

"ZntZ r T e m ‘ Welve “ Begment, and in 

^ch 7 ° . genua Meg'tscolex, where there are eight 

nc“ *inu Tr ,| m “ teri ° r region of the boJ - v - number 

chaeC th v , POSte , nor segments. The four bundles of 
chaetae in the Nuids and Tubificids l.ave been likened to tlio 
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notopodia and neuropodia of the Polychaetes ; but it does not 
seem certain that this comparison is justifiable. It was at one 
time thought that the continuous circle of chaetae of the Peri- 
chaetidae was the primitive condition ; but Professor Bourne has 
lately found that in Pcrichaeta the young embryos have not got 
this continuous circle ; it is only acquired later. 

Branchiae. — The Oligochaeta were called by Cuvier the 
“ Annelides abranches setigeres.” But the epithet “ abranches ” 
is now known to be inaccurate. In fact it really was so when 
Cuvier wrote ; for naturalists were at that time well acquainted, 
chiefly through the elaborate work of O. F. Muller, with the 
little fresh-water Naid Dero, the posterior extremity of which is 
provided with a varying number of branchial processes. These 
are furnished with looped blood-vessels and are covered exter- 
nally by cilia, so that the water containing oxygen is constantly 
renovated. The second instance of a gilled Oligochaete was 
discovered in the very same family. Professor Bourne 1 of Madras 
found in “ tanks ” a Naid which he named Chaetobranehus, in 


which the head segments, to the number of fifty or so, are 
provided with long ciliated processes, which as a rule enclose 
the dorsal chaetae of their segments, and in addition a capillar) 
loop. Curiously enough, this very same worm made its appear- 
ance in the Victoria regia tank at the Botanical Gardens in the 
Regent’s Park, whither it had in all probability been accidentally 
imported. Two members of the family Tul.ificidae were the next 
examples of gilled Oligochaeta made known to science ; one 
of these, Branchiura sowerbyi appeared also in the Botanies 
Gardens, so that its native home is unknown. It diflers 
from Chactobranch vs in that the gills are at the posterior 
end of the body, and are contractile; during the life ol the 
worm they are in continual motion. A species of the bout i 
American genus Jlcsperodrilus , 3 H branchiatus, is also gilled, 
tlI1 d so far as can be made out from a spirit-preserved specimen, 
the gills are precisely of the same pattern and contractility a 

those of its ally Branchiura. Possibly £ra ™ hlura °f4 orni 
be included in the same genus with Hcsperodi tlus. 
which was originally described by Grube as Alma mlohca, 
should really have been placed before the three as -m 

. Quart J. M.c, Sei. xxxi. 1890. 83. 

Q * Bed dar«l, Ann. Jfaj. XaL Hist. (6) »u. 1894, P . 205. 
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instances ; but as this worm was only known from a fragment, 


and as the description was not by 
any means full, it was not thoroughly 
believed in ; it was surmised that it 
might be a member of some marine 
genus, perhaps of the Capitellidae. 
Oddly enough, the same worm was 
independently described by a 
different name, Digitibranchus 
niloticus, a few years later by 
Levinsen. Quite recently Michael- 
sen has found by a reference to 
the original types that this worm 
is really gilled, and that it is speci- 
fically identical with a worm which 
had been given a totally different 
name, viz. Siphonogaster. The fact 
that the gills of the latter had 
been overlooked was readily ex- 
plained by the circumstance that 
they are retractile, and not merely 
contractile. But all the species of 
the genus Siphonogaster, or Alma, 
as it ought really, following the 
rules of priority, to be called, have 
not got gills, as is the case too 
with the genus Hesperodrilus. The 



Fig. 189. — Transverse section through 
Jirtuiehiurn Sincerity i\ x 20. it.br % 
Dorsal branch ia ; t\ intestine ; v t 
ucrve-conl ; t\br % ventral branehin. 


gills of Alma are branched, and there is therefore no longer any 
justification whatever for defining the Oligochaeta as a group of 
Annelids without gills. The simple gill-like processes of Chaeto- 
hranchus might have been held to be not accurately compar- 
able to the more complex structures which we find in the marine 


worms. 


Nervous System. — The central nervous system of the 
Oligochaeta is very uniform in its structure in the entire group. 
I he only family which is at all anomalous is that of the 
Aplmueura. In Aeolosoma there appears to be only a pair of 
ceit jml ganglia, which retain the primitive position of these 
organs in being still i u direct connexion with the epidermis. 
In all other Oligochaeta there are a pair of cerebral ganglia 
VOL. II o . 


354 


OLIGOCHAETA 


CHAP. 


connected by a circumoesophageal commissure with a ventral 
ganglionated cord. From the cerebral ganglia arises a system 
of nerve -fibres and nerve-cells, which represents the stomato- 
gastric nerves of other Invertebrates. 

Senses and Sense-Organs. — The only organs that can be 
regarded with anything like probability as sense-organs are the 
pigmented eyes of certain Naids and the tactile cells of many 
worms. The latter are usually elongated cells provided at their 
free extremity with a stiff process ; they occur associated in 
groups, and often, these bundles of cells have a segmental arrange- 
ment. The head end of many of the lower Oligochaeta, for 
instance the genus Aeolosoma, has delicate processes projecting 
here and there ; these appear to be also of a tactile nature, and 
are of course connected with cells of the epidermis. The eyes of 
certain Naids are little more than lenticular bodies embedded 


in a mass of pigment. In the genus Eudrilus and in many 
Eudrilidae are peculiar integumental bodies, which were in- 
dependently discovered by Dr. Horst 1 and myself, and com- 
pared by us to the Pacinian bodies of Mammals. Whether 
these structures are connected with nerves or not is doubtful. 


In spite of the poor development and the simplicity of their 
sense organs, the higher Oligochaeta at any rate can feel, and 
can distinguish light from darkness. Darwin 2 came to the 
conclusion that “ light affects worms by its intensity and its 
duration.” And furthermore, it is only the anterior end of the 
body which is thus affected Of the sense of hearing these 
animals appear to be utterly devoid. Some kept by Darwin 
“ took not the least notice of the shrill notes from a metal 
whistle, which was repeatedly sounded near them; nor did they 
of the deepest and loudest tones of a bassoon.” But it is always 
necessary to discriminate between sound and vibrations passing 
through any solid body, which would appeal rather to a sense of 
touch. Here worms are most sensitive. It is quite easy, by 
digging with some vigour, to arouse the worms in the neighbour- 
hood, who will crawl to the surface and away from the scene o 
action; a proceeding on their part which is sometimes put down 

to a desire to escape from their enemy the mole. . . 

Smell appears to be another sense which is somewhat deficient. 


1 Mim. Soc. Zool. France , iii. 1890, p. 223. 

^ Vegetable Mould and Earthworms, London, 1881. 
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But worms are epicures, and exhibit a decided taste and preference 
for certain articles of diet. Like their fellow tiller of the soil, 
the agricultural labourer, worms have a keen relish for onions,* 
which, however, they must recognise by 
the smell. They prefer green cabbage 
to red, celery to both, and raw meat 
appears to be the greatest delicacy that 
can be offered to them. It is only sub- 
stances they are not likely to meet 
with, such as perfumes, tobacco, and 
paraffin, that produce no impression 
upon the worm’s sense of smell. 

Coelom and Vascular System. — 

When an earthworm is dissected the 
various organs are seen to lie in a 
fairly spacious cavity, which is inter- 
rupted and divided into a series of 
chambers by the mesenteries or septa 
which stretch across from wall to wall 
of the body, and correspond roughly in 
their position to the grooves which XL. 
separate the body externally. This 
cavity, common to all the higher ™ 
animals, is known as the coelom ; it is XV 
lined by cells, which cover the intes- 
tines as well as the inside of the body- ™ 
wall ; and upon the intestine assume the xvii 
form so characteristic of the group, 

namely, that of large yellow cells loaded XVIII I . _ „ , 

with secreted matters, and called “ clilora- Flo 190 „ . 7 

gogen -cells" by Claparcde. The coelom 
communicates with the exterior by ~ ‘ 

means of the dorsal pores, the nephridia 
and the ducts of the reproductive organs.* 

As in all animals which possess a coelom 
the reproductive tissues, ova and sperm’ 
are developed on its walls. 

* - — • - - ~ TZ 



: ' uurtwmj^. x a, 

(Alter Bcnham.) 1-XV1II 
sweats. 1 , 6, Perivifl* 

ceral vessels (6 is one of the 
hearts) ; 2, 3, 7, dorsal vessel ; 
o* spermatheca ; 8, sperm 
sacs ; 9, iutestiuo-teguruent- 
ary vessels; 10, ovary; 11 , 
32, integumentary vessels. 
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the other organs of the body. The main trunks are a dorsal 
and a ventral longitudinal, which communicate directly in the 
anterior end of the body by large transverse contractile trunks, 
the so-called hearts (see Fig. 190, 6). The dorsal vessel is also 
contractile, but not the ventral, or, when it occurs, the sub- 
nervian. The vascular system has many degrees of complexity 
in different families ; it is simpler in the smaller aquatic forms. 
The blood is usually red, and the pigment which is suspended in 
the plasma is haemoglobin. The blood is corpusculated. 

Excretory Organs. — There appears to be a great deal more 
variation in the structure of the excretory system than there is 
in many other groups. For a long time only Lumbricus and a 
few of the aquatic genera were known as regards their excretory 
systems. In these there is a pair of excretory organs or 
nephridia in nearly all the segments. These are much coiled 
tubes, in which it is always possible to recognise three divisions. 
The nephridium commences with an orifice of a funnel-like 
character, fringed with long cilia, and opening into the body- 
cavity ; from this springs a tube, which immediately perforates 
the septum lying between the segment which contains the 
funnel and the following one; this tube has the peculiarity 
first pointed out by Claparfcde of being excavated in the sub- 
stance of cells ; the glandular part of the nephridium is a row 
of cells which are bored through by a continuous canal, the 
walls of which are here and there furnished with cilia. It 
often happens that the main canal gives off minute lateral rami- 
fications, which may even form a kind of network round the 
principal canal. The terminal section of the nephridium is a 
muscular sac which opens on to the exterior by a pore, and from 
which the products of excretion are from time to time evacuated 
by contractions of its walls. This is a brief statement of the 
main facts in the structure of those Oligochaeta in which there 
is a single pair gf nephridia to each segment of the body ; small 
differences of more or less importance occur. In Chaetog aster, for 
example, there is no trace of a funnel ; in some genera the 
terminal sac is much reduced or unusually extended, being even 
sometimes provided with a caecum of moderate dimensions. In 
Acanthodrilvs novcie-zelandiae and a few other species the point 
of opening of the nephridia varies from segment to segment, 
though it always bears some relation to the chaetae. In these 
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species the nephridia which open more dorsally are a little 
different in structure from those which open more ventrally. 
One set have a caecum, and the other have not. 

The nephridia of the terrestrial forms are enveloped by a richly 
developed network of blood 
capillaries, which is absent 
in the smaller aquatic 
genera. 

A very remarkable genus, 

Brachydrilus, has lately been 
described by Dr. Benham , 1 
in which each segment has 
two pairs of nephridia in- 
stead of a single pair. More 
recently, certain Australian 
forms, which I propose to 
unite on this account into 
a genus Trinephrus, have 
been discovered which have 
no less than three distinct 

and separate pairs in each 

segment . 2 

In many Megascolicidae 
there is a nephridial system 
of a different character. In 
Perichaeta when dissected 
the nephridia appear, on 
account of their minute size, 
to be altogether absent. 

There is however, in most F,o. through Wy.wall of jf«L 

i^erichaetldae, in many ^ australis highly magnified. (After 

Acanthodrilidae, and in ^ 1 ; 3 ,’Wp'tut 
many Gryptodrilidae a mass 

of minute tubules which cover the inside of the body- wall, and 
open on to the exterior by innumerable openings ; there may be 
in a single segment one hundred or more of these external 
orifices, which are scattered about irregularly. It is\t present 
uncertain whether these minute tubes are connected among 

, 1 Zo ° 1 ' 4m. xi. 1888, p. 72. 

See Fletcher, P. Linn. Soc. JT.S. W. (2) iii. 1889, p. 1542. 
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themselves, thus forming a network passing through the septum 
and from segment to segment, or whether each tube is isolated 
from its fellows, and forms a distinct nephridium, of which there 
are many in each segment and entirely separate. This is, how- 
ever, certain, that the complex nephridial systems of at any rate 
Octochaetus and Megascolides are derived from the multiplication 
of a single pair of tubes which are alone preseut in the embryo. 
In Perichaeta the minute nephridia are furnished with coelomic 
funnels ; in Octochaetus they are not, except in the case of 
certain nephridia which open into the terminal section of the 
intestine. 

Both at the anterior and at the posterior end the nephridia 
occasionally open into the alimentary canal. In various genera 
the first pair of nephridia are larger than the others, and open 
into the buccal cavity ; it seems likely that they serve as salivary 
glands. A somewhat similar condition of things exists in Peri- 
pat us (voL v, p. 17). In Octochaetus multiporus, for example, 
there is a large tuft of nephridial tubes in the anterior region of 
the body, which opens by a long muscular duct into the buccal 
cavity. In the same species a good many of the nephridial 
tubes open into the posterior section of the intestine, reminding 
one of the anal vesicles of the Gephyrea (p. 436) and of the 
Malpighian tubes of the Arthropods. 

In many Eudrilidae the ducts of the paired nephridia form 
a network in the body-wall, which opens on to the exterior by 
many pores. 

Alimentary Canal. — The digestive tube is perfectly straight 
in nearly all Oligochaeta. Only in Plagiochaeta and a species 
of Digaster is it twisted in the intestinal region in a corkscrew- 
like fashion. The mouth is under the buccal lobe (where, as in 
the majority of cases, this is present) ; the anus is mostly ter- 
minal, or rarely, e.g. Criodrilus, a little in advance of the end o 
the body on the ventral side. In the simpler forms three regions 
can be distinguished, which are themselves simple m structure. 
The mouth leads into a buccal cavity, which in its turn 
opens into the pharynx; the latter is muscular, with thick 
walls. The narrower oesophagus opens into the wider intestine, 
which opens posteriorly, as already stated. In the earthworms 
there is as a rule some complication. The oesophagus rs 
certain glandular appendages, the calciferous glands ; and a part o 
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it is modified into a gizzard. The gizzard is merely a portion of 
the oesophagus with very much thickened muscular walls and with 
a stout lining of chitin. It is not universally present among earth- 
worms, and when present varies much in position. The rule is that 
one gizzard only is present. In JDigaster, as is implied by the name, 
and in some other forms there are two in successive segments ; in 
Trigaster, as the name also indicates, there are three gizzards ; in 
Moniligaster and the Eudrilids Syperiodrilus and Heliodvil us there 


are four to six ; and a few other forms also have a considerable 
number of gizzards. The calciferous glands are diverticula of 
the oesophagus with folded and sometimes ciliated walls ; their 
epithelium secretes calcareous particles, which are frequently of 
crystalline form. Darwin supposed that this secretion was provided 
in order to negative the humus-acids of the soil which is the food 
of earthworms. These organs are usually paired, but in the 
Eudrilidae there are unpaired as well as paired glands; the 
unpaired calciferous glands lie ventrally. These glands are totally 
wanting among the aquatic families, with the sole exception of 
the Enchytraeidae. In a few of these there are either paired or 
single glands of a very similar nature; Dr. Michaelsen has 
suggested that the function of these is rather absorptive than 
secretory. From the median unpaired gland of Buchholzia arises 
the dorsal vessel, which at first forms a sinus round the glandular 
epithelium ; the epithelium, like that of the nephridia, is perfor- 
ated by the ducts. In certain Oligochaeta there are some curious 
modifications of the calciferous glands. In Stuhlmannici and a 
few other Eudrilidae the oesophagus is beset with a larger number 
of paired structures than in any other genera of the family, where 
the calciferous glands arc more limited in number. These glands 
consist of a short tube lined with epithelium opening into the 
oesophagus. Round this is a mass of cellular tissue, but the out- 
lrnes of the constituent cells are lost ; the whole is permeated 
wi habundant blood-vessels. This layer seems to be peritoneal, 
and the entire gland seems to have lost its function as a secretory 
organ and to have taken on some function in connexion with the 
vascular system. An analogous modification is to be found 
among the Enchytraeidae. In certain forms there is a structure 

m a 6 1X5(17 ; this is a chord of in the 

don*! blood-vessel at the point where it springs from the 

testine. It is tempting to regard this cellular rod as being 
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the altered dorsal glandular pouch already spoken of, which is 
surrounded by a blood sinus. 

Reproductive Organs. — All the Oligochaeta are hermaphro- 
dite animals. Rut, as is the case with other hermaphrodites, the 
male and female organs are in many cases mature at different times, 
thus leading to a practical unisexuality. Many of the aquatic 
forms appear to have fixed times for breeding, which may be in 
the winter or in the summer; but the earthworms are as a rule 
sexually mature the whole year round. Various accessory organs 
are developed in the majority of cases. In all, the reproductive 
glands lie in successive segments and are attached to the septa, 
from the peritoneal covering of which they originate. Their 
actual position dilfers greatly in different genera; the position is 
constant only in the earthworms, where the testes are in the 
tenth and eleventh segments and the ovaries in the thirteenth, in 
exactly corresponding situations. A few’ earthworms have only 
one pair of testes. The only exception, among terrestrial forms, 
to the position of the generative organs is in the family Moni- 
ligastridae, which show so many other affinities to the lower 
forms of Oligochaeta. In this family the ovaries have moved 
one or two segments forward. Among the fresh-water families 
the position of the testes and of the ovaries is not so uniform. 
They are generally more anterior than in the terrestrial genera, 
particularly the ovaries. 

One of the chief differences between the Oligochaeta and the 
Polyelmeta is that the reproductive organs of the former have 
special ducts to convey their products to the exterior. In Aeolo- 
soma, the only exception to this rule, Dr. Stoic 1 has shown some 
reasons for believing that certain nephridia, but slightly altered, 
in form, serve as the conduits of the spermatozoa, whilst the 
ova are extruded through a pore upon the ventral surface of 
the body. In the Enehytraeidae the same pore for the extru- 
sion of the ova appears to exist; but a nearer examination 
shows that it is really not a mere perforation of the integument, 
like the dorsal pores, for example, but that its internal orifice is 
fringed with cells which seem to represent a rudimentary oviduct ; 
perhaps Acolosoma typifies a last stage in the reduction. Even 
so high in the scale as in the genus Ncmcrtodrilus (Eudrihdae;, 
there°is an oviduct which can only be compared with that of the 

1 In Sitzunys-Bcr. JJOhtn . tics. 1889, J>. 183. 
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Enehytraeidae. Elsewhere the oviducts are a pair of tubes with 
a wide, funnel-shaped, and ciliated mouth, which leads to the 
exterior by way of a ciliated tube of varying length. 

The sperm-ducts are of an essentially similar structure ; but 
they are commonly much longer, passing through a variable 
number of segments on their way to the exterior. In most earth- 
worms there are, moreover, two of them on each side instead of 
only a single pair, as is the case with the oviducts. Among the 
Tubificidae, Naids, and other aquatic families there are only two 
sperm-ducts, one on each side of the body. But this is not a 
character of the aquatic families, for the Lumbriculidae have 
generally two pairs, as in the earthworms. It is, however, a 
rule with hardly an exception, that among the aquatic Oligo- 
chaets the sperm-ducts open, as do the oviducts in all Oligo- 
cliaets, upon the segments following that which bears internally 
the ciliated funnel It is only in the Moniligastridae among 
earthworms that the sperm-duct only traverses two segments in 
its course. But where it is short as regards the actual distance 
traversed between the two extremities, the tube itself is com- 
monly long and coiled. 

Sometimes, as in our common earthworms, the sperm-duct 
opens directly on to the exterior of the body, the lips of the 
external orifice being swollen by the development of cutaneous 
gland-cells. In the majority of cases the sperm-duct or ducts 
open near or into a glandular structure which in earthworms has 
been called “ prostate ” ; in the aquatic forms, on the other hand, 
“ atrium.” As these terms are objectionable from the different 
way in which they have been used for structures of Vertebrates, 
I have suggested for both the term “ spermiducal glands,” indicat- 
ing the identity of the structure in all Oligochaeta. The number 
of pairs of these glands varies, as does also their shape and size. 
The typical form is perhaps illustrated iu the lower Oligochaeta, 
where there is but a single pair into which the sperm-duct or ducts 
of the same side open. The Naids, Tubificidae, Lumbriculidae, and 
Moniligastridae have a simple gland oT this description on each side 
of the body. These glands may consist of a tuft of pear-shaped 
glandular cells attached to the organ at one side, as in most 
Tubificidae, or of a complete investment of gland -cells, as in 
Branchiura. Among earthworms it is only the Moniligastridae 
and the Eudrilidae in which the sperm-duct opens directly into 
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the end of the spenniducal gland ; in the Pericliaetidae the gland 
is differentiated into two sections: there is a muscular duct 
leading to the exterior, and a lobate glandular part, which is 
formed by a complicated branching of a single sac such as 
exists in the Tubificidae ; in the Acanthodrilidae and in many 
Cryptodrilidae the spermiducal 



Fia. 192. — Diagrammatic longitudinal sec- 
tion of Lumbricus, showing the generative 
segments. x 3. (After Hesse.) sp, 
Spermathecal pore ; t , testis ; s.s, seminal 
sac ; sp. s, sperm-sac ; 0 , ovary ; e.s, egg- 
sac ; 9, female pore ; 6, male pore. 


glands are of a tubular form 
and are not branched, though 
there is the same differentia- 
tion into a duct and a secreting 
portion. There are in the Acan- 
thodrilidae two pairs of these, 
and as many as three pairs in 
Dichogaster ; in the latter case 
in three successive segments. 
In the Acanthodrilidae the 
glands are upon the seventeenth 
and nineteenth segments. In 
most Cryptodrilidae the sperm- 
ducts do not open into the duct 
of the spermiducal gland, but 
on to the body-wall near to its 
orifice, the distance varying in 
different genera. In the Acan- 
thodrilidae the male pore is on 
the eighteenth segment, re- 
moved therefore by the distance 
of a segment from the aperture 
of either of the glands. It 
may be that a large series of 
structures which exist in Micro- 


chaeta benhami 1 and in other Geoscolecids, and which have been 
termed copulatory glands, are the equivalents of the spermiducal 

glands. . , 

In many earthworms there are, at the external opening ol the 

male ducts, bundles of specially modified chaetae, which have been 

called, from their supposed function, penial chaetae; they are 

usually ornamented at the free end with spinelets or ridges, and 

frequently offer valuable specific character In the Lumbncidae 

and the Geoscolicidae there are modified chaetae upon the 

1 See Dr. Rosa iu Ann. Hofmus. Wien, vi. 1891, p. 379. 
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clitcllum ; in a few forms, such as, for example, Acanthodrilus 
schmardae, the spermathecae have bundles of similar chaetae in 
their neighbourhood, often associated with glands not unlike the 
sperm id ucal glands. 




In most, perhaps in all Oligochaeta the sperm is not matured 
in the testes, or even in the body-cavity ; it is received into 
special sacs which are called sperm-sacs, 
and there ripens. These sacs, the vesi- 
culae seminales, have been shown to be xv 
outgrowths of the septa ; their cavity 
is thus a portion of the body-cavity 
shut off more or less completely from X iv 
the general body-cavity. 

The reproductive organs of the 
Eudrilidae, and particularly the female 
organs, are so divergent in many par- xill 
ticulars from those of other Oligochaeta 
that it is convenient to treat them 
separately. The testes are normal, save 
that they are often adherent to the 
posterior wall of their segment, as, how- 
ever, is the case with some other earth- 
worms. In many Eudrilidae, for in- 
stance in the genus HypcriodrUuS, the Fio. 193.— Female reproductive 

funnels of the sperm-ducts are dependent 0f o Uyprriodriius. 

r ^ . 1 . f r XII -XV, Segments of the 

irom the anterior wall of the segment body ; 1 , $i>ermathecai sac ; 

which contains them ; the narrow tube J D c ^ r “ c ; 3 * sperrnftthcca * 

which follows projects into the segment 

in front, and is there immediately dilated into a wide chamber, 
which again nurrows, and bending round, re-traverses the same 


1 



septum ; the two ducts of each side (if there are two, which is 
not invariably the case) remain separate and open separately 
into the glandular part of the spermiducal gland. There is 
occasionally only a single median gland ; and as a general rule 
the two glands open by a median unpaired orifice. Penial chaetae 


may or may not be present. 

The structure of the female organs differs considerably in 
detail in the different genera. But Hyperiodrilus may be taken 
as an instance of a genus in which these organs are as compli- 
cated as they are anywhere. The ovaries (Fig. 193, 4) are 
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perfectly normal in structure and in position. So also are the 
oviducts ; but both are enclosed in sacs which communicate in 
rather an elaborate fashion. Each ovisac is somewhat rounded 
in form, and the two communicate by a narrow tube ; from the 
ovisac also arises another narrow tube, which soon dilates into 
a chamber lying in the thirteenth segment ; this contains the 
mouth of the oviduct and is continuous with the egg-sac; the 
latter is quite normal in position. Beyond the egg-sacs the two 
tubes unite round the intestine and open into a large median sac, 
which contains sperm and may be called the spermathecal sac 
(1). There is, however, a true spermatheca, single and median. 
This opens on to the exterior in the middle of the thirteenth 
segment, but lies chiefly in the right-hand sac behind the ovarian 
portion of the same. I never found this spermatheca to con- 
tain sperm. Dr. Rosa inferred on anatomical grounds, and I 
have been able to prove developmentally (in Libyodrilus ), that 
these sacs which involve the ovaries and oviducts, and which also 


contain sperm, are derivatives of the septa ; that in fact the spaces 
which they enclose are coelomic. In some Eudrilids these sacs 
are the only “ spermathecae ” ; in others, as in Hyperiodrilus, 
there are in addition blind pouches lying within them which 
must be regarded as true spermathecae ; these are smaller in some 
than in others. In fact there are various transitions in the entire 
replacement of true spermathecae apparently homologous with 
those of other earthworms by pouches which are derived from 
the septa, and which are therefore of an entirely different morpho- 
logical significance ; here is an excellent case of the substitution 
of organs, analogous to the replacement of the primitive noto- 
chord of the Vertebrate by the vertebral column. 

So far as is known, all the Oligochaeta deposit their eggs m 
special chitinous cases, the cocoons. They share this peculiari y 
with the Hirudinea. The cocoons have long been known, but 
were originally mistaken for the eggs themselves. The cocoons 
contain several eggs and a variable quantity of albumen for e 
nutrition of the growing embryos. In the majority o ear - 
worms they are more or less oval with projections at the two 
ends and are of a brownish colour. In others the tint is rather 

to to described as green. The genera Criodrilu, 

philu, have a cocoon which is greatly d ongated Ttae 

tn res seem to be undoubtedly formed by the elrtellum, the earlr 
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opinion of D’Udekem being that they were the product of 
certain glands developed in Lumbricus at the breeding season, 
which he thence called the capsulogenous glands. It is more 
probable that these glands, which have been up to the present 
but little investigated, are the seat of the formation of the 
albumen which is found within the cocoons. The cocoons are 


deposited at varying depths in 
Among the aquatic genera they 
arc often attached to aquatic 
plants. The process of forma- 
tion has been carefully watched 
by Vejdovsky 1 in the genus 
Rhynchdmis. The worm throws 
off the cocoon over its head, 
crawling backwards to free itself 
therefrom. The eggs, sperma- 
tozoa and albumen, reach the 
interior of the cocoon as it 
passes over the orifices of the 
respective ducts. Out of the 


the ground, or on the surface. 



numerous eggs which a single F, °- 194.— Cocoons of Lumbricidae. (After 

cocoon originally contains, only nat. size and x 3 ; B, Al/urus, nat. size 

a few, sometimes only one and x 6 ; C, AUolobophora fotlida, uat. 

, ... . size aad x 3. 

reaches to maturity. Among 

the Enchytraeidae, however, quite a large number of young 
emerge from a siugle cocoon. The development of all the Oligo- 
chaeta is direct, there being no free larval stage. It seems to 
be the rule for a process of fission to take place in the embryos 
of AUolobophora trapezoides 2 at least, according to the observa- 
tions of Vejdovsky, in warm weather. In cold weather he found 


in each cocoon as a rule single embryos, and only 10 per cent of 
double embryos. 


Habitat. — Earthworms are found in almost every part of 
the world where they have been looked for. They occur fur to 
the north, in Siberia and Nova Zembla, 3 while South Georgia 
and Kerguelen mark their southern limits. From arid tracts 
of country they are naturally absent, and also, which is more 


‘ En t wickclungsgcsch icht lithe UnUrsuchutujcn, Prag, Heft i. 1888, p. 33. 
s Slc KlomeuWrg, Quart. J. Micr. Sci. xix., 1879, p. 206. 

oth Col. Feildcn and Mr. Trevor- Batty o found specimens in Kolguiov. 
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curious, from certain districts of North America. In the 
tropics these animals seem to be on the whole less abundant 
than in more temperate climates. But this deficiency of indi- 
viduals is counterbalanced by the greater variety of generic 
and specific types. From tropical Africa, little explored as it 
has been from this point of view, no less than thirty genera, 
including about ninety species, have been recorded ; whereas 
in Great Britain only four genera and seventeen species occur, 
and in all probability but few remain to be discovered The 
vertical range of these Annelids is also considerable. Several 
species have been met with in Europe and elsewhere at an alti- 


tude of 10,000 feet. 

For the bulk of the species the term earthworm is an accurate 
description of their habitat. But there are not a few which 
occasionally or habitually prefer other localities. The genus 
Allurus is equally at home in soil or in water ; I have taken it 
in the fast -flowing river Plym in Devonshire. The genus 
Acanthodrilus includes a few species which have at present only 
been met with in water ; A. schmardae comes from fresh water 
in Queensland, A. stagnalis from ponds in South America , A. 
dalei is like Allurxis in that it is to be found both on land and 
in streams and ponds. The Enchytraeidae are just as amphibious ; 
Criodrilus and Sparganopliilus appear to be purely aquatic. A 
more curious locality for a creature that is so characteristically 
terrestrial is the margin of the sea. For a long time a species 
belonging to a peculiar genus Pontodrilus has been known from 
the shores of the Mediterranean in the neighbourhood of Nice 
It lives there among seaweed above high-water mark, but it must 
at least occasionally be splashed by the waves. Another species 
of the same genus occurs on the coast of Brazil and some o e 
West Indian islands; Pontoscolex corethrums and Piachaeta 
littorcdis were described by Schmarda 1 from the shores i oi 
Jamaica. The former species is one of the most wide y i 
buted of earthworms, and, except in this particular part of th| 
world, has been always taken on the land far from the sea. Th 
are also partly marine forms among the Tubificidae, 

arenarius is common on our coasts. 

While there are several kinds of earthworms that ** hus 
met with in fresh water, others will live for some time submerged 


> New vnrUUost Thiere, Leipzig, ii. 1861, p. H- 
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in water. Perrier found by experiment that various species 
could undergo with impunity a prolonged immersion in water, 
and I confirmed his experiments myself with a common species 
of Allolobophora. A correspondent of “ Nature ” stated that a 
certain number of species (not particularised) of earthworms in 
Ceylon could suffer with impunity the effects of sea- water. The 
importance of this fact will be again dealt with in considering 
the geographical distribution of the group. 

Among the aquatic genera of Oligochaeta we do not as a 
rule meet with amphibious species. The Enchytraeidae however, 
as already mentioned, are an exception; so too appears to be 
the genus Phrcoi'yctes, which in its structure is to some extent 
intermediate between the earthworms and the aquatic families. 

Terrestrial and Aquatic Forms. — There are many obvious 
structural peculiarities which would prevent the normally aquatic 
worms from being thoroughly at home on dry laud. The gills 
of Branchiura and the other gilled species would be injured, in 
all probability, by friction with the earth ; the delicate and long 
chaetae of Naids and TuUfex are also most unsuited for progres- 
sion through dry soil ; and it is to be noted that those Oligo- 
chaeta, which, belonging to aquatic groups, are yet found away 
from water, have chaetae of the simple sigmoid pattern which 
characterises the earthworms. 


There are other peculiarities found only in the aquatic species 
which have not so obvious a relation to their habitat. In no 
genus that is mainly aquatic in habit are the ova small and 
nearly unprovided with yolk as in Lumbiicus ; the ova of aquatic 
forms are invariably large and filled with abundant yolk. 

The more delicate organisation of the aquatic Oligochaeta is 
not so hard to understand. The comparatively unresisting 
nature of the medium in which they live, water or fine mud° 
does not necessitate so strong a development of the layers of the’ 
body-wall as is essential to the earth-living forms, which have 

™ J Sepfc !. m tHe aQt€l:ior re 8 ion > to protect the organs of 

reproduction as the strong muscular contractions of the body force 

of theT t WUy fchr ° Ugh tUe dense soiL With the weak structure 
of the integument are perhaps also correlated the simplicity of 

other organs of the body in the aquatic Oligochaeta. With fhin 

body-walls, through which gases can diffuse with great ease there 

would seem to be less need for the development" of a sy^emTf 
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integumental blood capillaries. These are indeed for the most 
part absent in the aquatic forms, being only faintly developed in 
a few, an example possibly of degeneration. 

Earthworms and the Soil. — Darwin has explained the 
enormous effects which these soft -bodied and small creatures 
have had upon the superficial structure of the earth. Their 
castings, brought up to the surface, are blown about by the wind 
when dry, and are thus spread over the ground in a fine layer. 
It has been calculated that in the space of an acre 2 of an inch 
in thickness of earth is annually brought to the surface. It is 
clear therefore that in a long period of years there would be a 
very large effect produced. On the sides of a hill this matter 
brought up from below would tend to roll down the slopes when 
dry, and would increase the debris carried away to the sea by 
streams and rivers, so that continents formerly deposited under the 
sea may owe no small proportion of their size to the continued 
work of earthworms in past ages. 

Darwin has also pointed out the benefits to the agriculturist 
which accrue from the industry of these Annelids. The soil is 
thoroughly mixed and submitted to the action of the atmosphere. 
The secretions of the worms themselves cannot but have a good 
effect upon its fertility, while the burrows open up the deeper- 
lying layers to the rain. Mr. Alvan Millson, 1 in detailing the 
labours of the remarkable Yoruba worm ( Siphonogastcr millsoni 
Beddard), hints that they may serve as a check upon the fatal 
malaria of the west coast of Africa. By their incessant borrow- 
ings and ejecting of the undigested remains of their food many 
poisonous germs may be brought up from below, where they 
flourish in the absence of sunlight and oxygen, and submitted to 
the purifying influence of sun and air. 

Phosphorescence. — Phosphorescence has been observed m 
several species of Oligoclmeta. The most noteworthy instance 
of recent times is the discovery by Giard of the small worm 
which he called Photodrilus phosphor eus at Wimereux. During 
damp weather it was sufficient to disturb the gravel upon the 
walks of a certain garden to excite the luminosity of these 
Annelids. In all probability this species is identical with one 
whose luminosity had been noticed some years before (in WU 
by Duges, and named by him lumbricus phosphorous. Accordi 0 

1 Kcxo Bull. Mise. Information, No. 46, 1890. 
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to Giard, the light is produced by a series of glands in the 
anterior region of the body debouching upon the exterior. This 
same worm has since been found in other localities, where it has 
been shown to be phosphorescent, by Moniez 1 and by Matzdorf. 2 
It is remarkable that in some other cases the luminosity, though 
it exists, is very rarely seen. The exceedingly common Brandling 
(Allolobojihora foetida) of dunghills has been observed on occasions 
to emit a phosphorescent light. This observation is due to 
Professor Vejdovsky, 3 and was made “ upon a warm July night of 
1881.” He thinks that the seat of the light is in the secretion 
of the glandular cells of the epidermis, for when this and other 
worms are handled the phosphorescence clings to the fingers, as 
of course does the mucous secretion voided by the glands. 

Phosphorescence has been observed also in some other families 
of Oligochaetes. The late Professor Allen Harker noticed a small 
worm in marshy ground in Northumberland which emitted a 
distinct light, and which was subsequently identified as a member 
of the family Enchytraeidae. 

Geographical Distribution . 4 * * — In the succeeding pages some 
of the details of the geographical range of the Oligochaeta will be 
found. The present section deals with a few generalities, which 
appear to result from an examination of the facta 

As to the aquatic genera but little is known at present with 
regard to their range ; they have not been widely collected in 
extra-European coimtriea What little is known points to the 
conclusion that while many parts of the world have their peculiar 
genera (such as Hespei'odrilns in South America, Phreodrilxis 
and Pelodrilus in New Zealand), some of the common European 
species are widely distributed. I have, for example, received 
Henleu ventricidosci from Kirghiz Tartary, and from New Zealand : 
and a New Zealand Tubifex appeared to me to be indistinguish- 
able from the common T. rivulorum of our rivers and ponds. It 
is possible that these and similar instances may, at least in some 
cases, be due to accidental importation at the hands of man, a 
matter into which we shall enter later. But the aquatic genera 
have, many of them, facilities for extending their range in a natural 
lashion, which are greater than those possessed by earthworms. 


3 1 f 9 ' P- 197 - * SB. Ocs. naturf. Berlin, 1893, n. 19. 

«. Morph . d. Ohgochactcn , Prag, 1884. 1 

VOL 7 !! 6 Xt b0 ° k ° f (Cambridge, 1895) for fuller treatment. 

2 n 
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It has been pointed out that the chaetae of the aquatic Oligo- 
chaeta are generally hooked at the extremity and bifid, which 
would give them a greater chance of holding on to the feet or 
feathers of aquatic birds ; I am not myself disposed to lay much 
stress on the possibilities of migration by these means, since the 
tender bodies of the small worms would be liable to be soon dried 


up by wind while in the act of migration. More likely in 
every way is a migration when enclosed in the cocoon. The 
cocoons being small, and often deposited at the edges of ponds 
frequented by aquatic birds, there would be many chances of 
their being carried away with tolerable frequency ; moreover, as 
Dr. Michaelsen has pointed out, the cocoons of some species, 
particularly among the Enchytraeidae, contain a large number of 
embryos ; so that when such a cocoon reached a foreign sho 
there would be a better chance of the species establishing its< f 
there. I have referred elsewhere 1 to the singular habit of 
forming a temporary cyst which characterises one species of the 
genus Acolosoma ; this would perhaps tend to facilitate its trans- 
ference in the way indicated from one spot to another. 

Earthworms, on the other hand, have not such easy means of 


travelling from country to country ; the assistance which the 
cocoons in all probability give to the smaller aquatic Oligo- 
chaeta cannot be held to be of much importance in facilitating 
the migrations of the earthworms. In the first place, the animals 
themselves are of greater bulk, and their cocoons are naturally 
larger, and thus less easy of transportation. Secondly, they are 
deposited as a rule upon dry land, where the chances of then- 
sticking to the feet of birds would be less ; and thirdly, they 
are often deposited deep in the ground, which is a further bar to 
their being taken up. Another possible method by which earth- 
worms could cross the sea is by the help of floating tree-trunks ; 
it is, however, the case with many species that they are fata y 
injured by the contact of salt water. There are, it is true, a lew 
species, such as Pontodrilus of the Mediterranean coast, which 
habitually live within reach of the waves ; but with the majon y 
any such passage across the sea seems to be impossible Oi 
other hand, rivei* and lakes are not a barrier to the dispell of 
the group. There are a few species, such as Allurus tetrago 


» Ann. May. Nat. Hist. (6) ix. 1892, p. 12. 

= Darwin, Veyelable Mould and Earthworms, p. 121. 
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which live indifferently on land and in fresh water ; and even some 
habitually terrestrial species can be kept in water for many weeks 
with impunity. A desert, on the other hand, is a complete barrier ; 
the animals are absolutely dependent upon moisture, and though 
in dry weather the worms of tropical countries bury themselves 
deep in the soil, and even make temporary cysts by the aid of their 
mucous secretions, this would be of no avail except in countries 
where there were at least occasional spells of wet weather. 

The range of the existing genera and species is quite in 
keeping with the suggestions and facts already put forward. But 
in considering them we must first of all eliminate the direct 
influence of man. Every one who studies this group of animals 
knows perfectly well that importations of plants frequently con- 
tain accidentally-included earthworms; and there are other ways 
in which the transference of species from one country to another 
could be effected by man. There are various considerations which 
enable us to form a fair opinion as to the probability of a given 
species being really indigenous or imported. Oceanic islands 
afford one test. There are species of earthworms known from a 
good many, but with a few exceptions they are the same species 
as those which occur on the nearest mainland ; in those cases 
where it is supposed that the animal inhabitants have reached an 
oceanic island by natural means of transit, it is a rule that the 
species are different, and even the genera are frequently different. 
That the bulk of them are the same seems to argue either 
frequent natural communication with the mainland or a "rent 
stability on the part of the species themselves. It is more 

probable that the identity is in this case to bo ascribed to 
accidental transference. 


Another argument comes from the distribution of the family 
Lumbricidae. This family forms the bulk of the earthworms of 
the European and North American continents. But they ore 
also found all over tlie world. With one or two exceptions, such 
as Altolobophora moebii, from Madeira, the extra-north-temperate 
spec.es are identical with those found within that region. Now 

the 1° migr f ’° n h f d been V natural means there would surely in 
or!“r 0 /r , m °, V 0m0 differentiation of species. Furtlier- 

resuJlht p ” 8611 5“ POinted out that “ South America the 

foundT^u f” 0pea “ for T (“• Lunlricus and AUolobophnra) are 
found upon the coast and in cultivated ground ; it is inland that 
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the presumably indigenous species are met with. This again 
looks very like accidental transference. 

A mapping of the world in regions indicative of the dis- 
tribution of earthworms produces a result which is slightly 
different from the accepted division. North America, Europe, and 
Northern Asia so far as is known agree in having as then- 
distinctive earthworms the family Lumbricidae, which is very 
nearly the only one represented in these parts of the world. 
The majority of the species are common to the two con- 
tinents ; there cannot, in fact, be a sepaiation of Nearctic and 
Palaearctic; we must accept the Holarctic region of Professor 
Newton. The Ethiopian region, on the other hand, is quite as it 
is in other groups, being bounded to the north by the desert of 
Sahara. The Neotropical region is quite distinct, and includes 
Central as well as South America, and the West Indian islands, 
even the Bermudas. It is, however, a question whether the more 
southern portions of the continent should not be cut off from the 
rest and joined with New Zealand, to form an Antarctic region. 
In these two countries, and also in Kerguelen and Marion 
Islands, the prevailing genera are Acantliodrilus and Microscoltx. 
In America Acanthodrilus is found nowhere but in the more 
southern regions of the southern continent, as well as in the 
Falklands and South Georgia. New Zealand is characterised by 
other genera of Acanthodrilids besides Acanthodrilus itself; but 
the bulk of the species belong to the latter genus. Acanthodrilus 
also occurs (three species only) in Queensland and at the Cape of 
Good Hope. Microscolex is rather more widely dispersed, being 
found in other parts of America and in Europe, the island of 
Madeira (? accidentally imported) ; but it is undoubtedly chiefly 
concentrated in South America and in New Zealand. Apart 
from New Zealand, which, as already said, can only be doubtfully 
referred to the Australian region, the latter appears to form one 
with the Oriental region (to which, on account of its Penchae- 
tidae, Japan should be added) of other writers. There is, so lar 
as earthworms are concerned, no “ Wallace's line at all e 
characteristic genera Perichaeta and Megascolex range from one 
extremity of the Indo-Australian region to the other. It is rue 
that Cryptodrilus and Megascolides are limited to Australia 1 
(with the apparent exception of a species or two in America, 

I can hardly separate ArgUophilus of Eisen from Megascolides ) , 
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but they are not at all well-defined genera, and indeed the generic 
distinctions of the whole family Cryptodrilidae are not in a 
satisfactory condition. 

Classification. — The Oligochaeta do not shade into the Poly- 
chaeta so imperceptibly as might be inferred from the current 
schemes of classification. Apart from minor points, which are 
not universally characteristic of the tw r o groups, though never 
found except in one or the other, the Oligochaeta are to be 
defined by the complicated reproductive system ; although in a 
few undoubted l’olychaets there is a faint approach to this in the 
specialisation of some of the nephridia as sperm-receptacles and 
even as sperui-ducts. But nowhere among the Polychaeta are 
there the diversified sperm-ducts and oviducts, spermathecae and 
sperm-sacs, that are universal among the Oligochaeta. More- 
over, no Polyehaet has a clitellum, which is so distinctive of the 
Oligochaeta, and of their near allies the Leeches. Dr. Eisig has 
compared the glandular modification of the integument at the 
mouths of the sperm-ducts in the Capitellidae to the lieginniugs 
of a clitellum. This may be the case, but it is, in my opinion, 
more comparable to the similar glandular spots at the male pores 
in earthworms. The reproductive glands in the Oligochaeta 
(save for a few apparently abnormal cases) are restricted to at 
most two pairs of each, which occur- in the same individual ; the 
Polychaeta being dioecious. There is, in short, no form known 
which cannot be definitely referred to either the Polychaeta or 
the Oligochaeta, excepting perhaps Ctcjwdrilus, the anatomy of 
whose reproductive organs is at present unknown. 

It is a difficult task to classify the different families of the 
Oligochaeta ; and to enter into the historical aspect of the matter 
would take too much space. I am myself disposed to divide them 
first of all into two main groups, for which I use Dr. Benham's 1 
names of Microdrili and Megadrili. 

The Microdrili are, as a rule, small and aquatic in habit ; 
they have short sperm-ducts which open on to the exterior in 
the segment which immediately follows that which contains the 
internal aperture; the clitellum is only one cell thick; the egg- 
sacs are large ; the epoch of sexual maturity is at a fixed period. 

ns group, to my thinking, includes the Moniligastridae ; 
although 1 rofessor Bourne has denied my statement with regard 

1 “An Attempt to classify Earthworms," Quart. J. Micr. Sci. xxxi. 1890, p. 201. 
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to the clitellum, and in this case it is not so easy to decide 
their systematic position. 

The Megadrili are characterised by the precisely opposite 
characters. The sperm-ducts are longer ; the clitellum is com- 
posed of many layers of cells ; the egg-sacs are rudimentary ; 
sexual maturity appears to be more or less continuous. 

There is, however, a substantial agreement about the families 
which I here adopt, which may be fairly taken to express our 
present knowledge of the Order. For fuller details the reader is 
referred to my Monograph of the Order Oligochaeta. 1 


L Microdrili. 


Fam. 1. Aphaneura . 2 — This name was originally given to the 
present family by Vejdovsky ; the family contains a single genus, 
Acolosoma, of which there are some seven species. The name is 

taken from, perhaps, the 
most important though 
not the most salient 
characteristic of the 
worms. The central 
nervous system appears 
in all of them to be re- 
duced to the cerebral 
ganglia, which, moreover, 
retain the embryonic 
connexion with the epi- 
dermis. The worms of 
the genus are fairly 
common in fresh waters 
of this country, and they 
have been also met with 
in North and South 
America, and in Egypt. 
India, America, and 

Fio 195. Atolosoma hemprichii dividing transversely, tropical Africa. They 

x 30. (After Lankester.) are ftU small> generally 

minute (1 to 2 mm. long), and have a transparent body variously 
ornamented by brightly-coloured oil globules secrete y 
i oxford, 1895. a See especially Vejdovsky, Syst. «. Morph. Ohg. P«g. 
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epidermis. These are reddish brown in A. quntcrnorium, bright 
green in A. rariegatum and A. hcadleyi, in the latter even "ith a 
tinge of blue. In the largest species of the genus, A. tenebrarum 
they are olive green. In A. niveum the spots are colourless, and 
A. variegation has colourless droplets mixed with the bright green 
ones. Fig. 195 shows very well the general appearance of the 
species of this genus. The body has less fixed outlines than in 
most worms, and the movement of the creatures is not un- 
suggestive of a Planarian. As the under side of the prostomium 
is ciliated, and as the movements of these cilia conduce towards 
the general movement of the body, the resemblance is intelligible. 
One species of Aeolosoma, at any rate, has a curious habit which 
is unique in the Order. At certain times, for some reason at 
present unknown, the worm secretes a cliitinous capsule, inside 
which it moves about with considerable freedom ; these capsules 
when first observed were mistaken for the cocoons of the worms ; 
they are really homologous with the viscid secretion which the 
common earthworm throws off when in too dry soil, and with 
which it lines the chamber excavated in the earth in which it is 
lying. The worms of this genus multiply by fission ; sexual 
reproduction has been but rarely observed. 

Fam. 2. Enchytracidac } — This family consists at present of 
rather over fifty well-characterised species, which are distributed 
into eleven genera. It is common in this country and in Europe 
generally ; it has been met with in Spitzbergen and the extreme 
north ; it occurs in the American continent from the north to the 
extreme south ; it is also an inhabitant of New Zealand. The 
worms of this family are nearly always of small size, sometimes 
minute ; they never exceed an inch or so in length, and that is a 
rare occurrence. They are equally at home in water and in soil, some 
species being common to the two media; a few are marine or littoral 
in habit, while others are parasitic in vegetable tissues. Like most 
earthworms, and unlike the majority of aquatic worms, the cliaetae 
are without a bifid termination ; the body- wall, too, is compara- 
tively thick. The perivisceral fluid is often (as in certain Naids) 
loaded with elliptical or rounded corpuscles. Resemblances to 
earthworms rather than to the aquatic families of Oligochaeta 
are suggested by the long distance which separates the sperma- 

1 Vejdovaky, Monographic der Enchytraciden, Prag, 1879. Micliaolson, “Synopsis 
tier Enchytraiden,” Abh. Ver. Hamburg, xi. 1889, p. 1. 
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thecae from the male pores (segments 5 and 1 2), and by the 
paired or unpaired glands that have been already compared to the 
calciferous glands so universally present among earthworms. On 
the other hand, the male ducts are confined, as in the lower 
Oligochaeta, to two segments, upon one of which the internal, 
upon the other the external orifice is situated, and the oviduct is 
reduced to a simple pore, as in Naids ; but this may be merely 
a matter of convergence by degeneration. Perhaps the most 
remarkable genus in the family is Anachaeta, which has no 
chaetae, but in their place a large cell projecting into the body- 
cavity, which appears to represent the formative cell of the 
chaeta. The integument of this genus contains true chlorophyll, 
according to Yejdovsky. 

A singular character, found, however, also in Rhynchelmis and 
Sutroa among the Lumbriculidae, is the opening of the sper- 
mathecae into the alimentary canal. This was originally dis- 
covered by Dr. Michaelsen, but has been abundantly confirmed. 

Stercutus is a singular genus which was originally found in 
manure, and has the peculiarity that the alimentary canal is often 
aborted ; this degeneration seems to bear some relation to the food 
and conditions of life. 

Fam. 3. Discodrilidac } — This family consists of small para- 
sitic forms which were at one time assigned to the Hirudinea; 
there seems, however, to be no doubt that they are rightly 
included in the present Order. Branchiobdella is found upon 
the gills of the Crayfish, Astacus fiuviatilis ; the American 
Bdellodrilus upon Cambarus. The chief reason for the former 
inclusion of these worms among the leeches was due to the 
absence of chaetae and to the presence of chitinous jaws and of 
suckers ; apart from these structures there is u ithiug whatever 
leech-like about the worms. Bdellodrilus has two pairs of testes 
in segments 5 and 6 ; there are two pairs of sperm-ducts, all 
opening, however, by a common “ atrium ” on the sixth seg- 
ment ; on the fifth open a pair of spermathecae, likewise by a 
common pore. The ovaries are in segment 7, and the ova escape 
by a pair of pores apparently like the single pore of the Enchy- 
traeidae. The entire worm consists of only eleven segments. 

Fam. 4. Phreoryctidae. 2 — This family contains only two 

• J P Moore, "The Anatomy of Bdellodrilus,” J: Morphol. x. 1895, p. 497. 
a Bcddard, Trans. Roy. Soc. Edin. xxxv. 1890, p. 629, and xxxvi. 1892, p. 1- 
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genera, Phrcoryctcs and Pelodrilus. The former is widely spread, 
occurring in Europe, North America, and New Zealand. Pelo- 
drilus is limited to New Zealand. Most species of Phrcoryctcs are 
distinguished by their extraordinary length and thinness, and 
there is frequently a tendency to the disappearance of the cliaetae. 
The most important anatomical fact about Phreoryctes (at any 
rate P. smithii) is that there are two pairs of ovaries as well as 
two paii*s of testes, and that the ducts of all are simple and very 
much alike. This seems to argue the low position of the family 
in the series. 

Fam. 5. Naidomorplia} — This family contains eight or nine 
genera, perhaps more ; they are all of them aquatic and of small 
size, and they multiply by fission as well as sexually. The most 
noticeable peculiarity of the family is the “ cephalisation ” which 
occurs in the head segments. In some genera, in Pristina for 
example, there is no such cephalisation to be observed ; but in 
others the dorsal bundles of chaetae commence a few segments 
farther back than the ventral, the segment where they commence 
being different and characteristic in the various genera. Thus in 
Dero the first four segments are without dorsal chaetae, and in 
Nais the first five are in this condition. There is thus a kind 
of “ head ” formed, whence the expression “ cephalisation.” Dero, 
Nais, and Pristina are commonly to be met with in ponds, lakes, 
etc., in this country. Bohemilla is rarer, and is to be dis- 
tinguished by the remarkable serrated chaetae of the dorsal 
bundles. Of Dero and Nais there are a considerable number 
of different species ; indeed it is usual perhaps to regard as 
distributable among three genera, Nais, Stylaria, and Slav inn, 
the species which I am disposed to place in one genus, Nais. 
Stylaria is defined on this view by its extremely long prostomium, 
which has given rise to both its popular and technical names. 
“Die gezungelte Naide ” was the term applied by one of its 
earliest investigators, and the name Stylaria proboscidea signifies 
the same peculiarity. But as the same inordinately long “ pro- 
boscis” occurs in the South American Pristina proboscidea, 
ongmg to a genus of which the other member does not possess 
so well developed a prostomium, it seems too variable a character 
upon which to differentiate a genus. Chaetogastcr and Amphi- 


1 A. O. Bourne, “On the Naidifonn Oligochaeto, 
1891, p. 335. 
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cliaeta have been placed by some systematists in a separate family. 
The first named contains four species which are fairly common. 
It is one of those worms in which the chaetae are not exactly 
related to the segmentation of other organs, which moreover 
sometimes show an independence in their segmentation ; thus 
there are more nerve ganglia in the anterior segments of the body 
than there are septa. 

Fa.m. G. Tubijicidae . — The worms belonging to this family 
are of small size, and are all inhabitants of fresh or salt water, or 
the margins of pools and the sea. They differ from the last family 
in that asexual reproduction never occurs, and that the reproduc- 
tive organs are situated rather farther back in the body. The 
male pores are upon segment 11, and the oviduct-pores upon the 
following segment. This family differs from the Lumbriculidae 
in the fact that there are only a single pair of sperm-ducts. 

The earliest known Tubificid was the common Tubifex rivu- 
lorum, so widely dispersed in this country and elsewhere ; but 
with it was at first confounded the somewhat similar genus 


Limnodrilus, which only differs in that the chaetae are all of the 
cleft variety, and never capilliform, as in Tubifex. The genera 
are mainly distinguished by the characters of the chaetae and of 
the male ducts. At the base of the series perhaps lies Tlyodrilus, 
which has many points in common with the Naids. The foim 
of the terminal chamber into which the sperm-duct opens has the 
same simplicity as in that group, and the intestine is surrounded 
with a network of blood-vessels as in the Naids, a structure wine 1 
is otherwise wanting in the Tubificidae. The development o 
the ova also is upon a plan which is met with in the Naids. 
The atrium (see p. 361) becomes more complicated in other 
Tubificidae. The extremity also is as a rule modified into a 
retractile penis. The discrete “prostate,” of which we have 
already spoken, marks out a considerable number of genera, suen 
as Tubifex, Limnodrilus, Spirosperma, Hemitubifex. In the mann 
Clitellio there is no such structure at all, and it is also wan ing 
in the South American Hesperodrilus. In Branchtura there “ 
complete prostatic investment of the atrium, and m finrt 

a large number of separate aggregations forming as many 
prostates. Vermiculus, a genus consisting of but one jPf £ 
found by Mr. Goodrich on the sea-shore in he neighborhood 

of Plymouth, is remarkable for the unpaired char 
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generative organs, a peculiarity which is shared by Stoic’s genus 
Bothrioneuron. The gills upon the posterior segments of 
Branchiura sowerbyi and Hcsjte rod rili'S branch-iatus have been 
already noticed above (p. 352). A very aberrant genus, perhaps 
not rightly referable to this family, is Phreodrilus , 1 from New 
Zealand, first collected in water from a subterranean spring. It 
differs from all other Tubificids except Jfespcrodrilus in that the 
spermathecae lie behind t lie male pores, a state of affairs which 
is met with in the Lumbriculidae. Another singularity of 
structure concerns the sperm -duct, which is wrapped in a thin- 
walled sac, which has every appearance of being simply the 
outer muscular wall of the duct. Within this are the compli- 
cated coils of the duct, and also a quantity of free spermatozoa, 
whose mode of ingress is difficult to understand. Many of the 
Tubificidae live in tubes fabricated by themselves, whence the 
tail end protrudes. The integument in more than one species is 
vascular. This integumental blood system, universal among the 
earthworms, appears to be restricted to the present group among 
the Limicolae of Clapar6de. 

Fam. 7. Lumbriculidae . 2 — This family is not a large one, and 
is nearly limited in range to Europe and North America ; indeed, 
if we omit the doubtful Alluroidcs, entirely to the Palaearctic 
region. There are only fourteen species, which are referred to 
eight genera. A number of dubious forms, as is the case with 
other families, may possibly ultimately swell this list. The type 
genus of the family, viz. Lumbriculus, upon which Bonnet made 
his experiments in section and subsequent regeneration, has only 
within the last year been thoroughly explored anatomically. 
But all the other genera are well known. The Lumbriculidae 
are of small or moderate size, and all of them aquatic in habitat. 
There are three characters which are nearly or quite universal in 
the genera of the family. In all of them the chaetae are only 
eight to each segment, arranged in couples, and are either cleft 
at the extremity or simple. As a rule which has but two excep- 
tions, the genera Alluroidcs and Lumbriculus, there are two pairs 
of sperm-ducts, which, however, communicate with the exterior 
through a single terminal chamber on each side of the body. 

The dorsal blood-ve6sel has in the Lumbriculidae a series of 

1 F. E. Beddard, Trans, lioy. Soc. Edin. xxxvi. 1892, p. 273. 

1 Yejdovaky, System u. Morph, d. Oligochaetcn, Prag, 1884. 
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contractile and blind appendages, which were at first mistaken for 
caeca of the intestine itself. There are two genera of this family 
in North America, which are not very different anatomically from 
their European representatives. The genera described by Eisen 
are Sutroa 1 and Eel ipidrilus . 2 The latter lives in cold torrents at 
a great height in the mountains of the Sierra Nevada of California. 

Fam. 8. Moniligastridae. — This family, terrestrial in habit, 
is probably Oriental in range ; but I have described a single 
species from the Bahamas which may possibly be referable to 
the category of accidentally introduced specimens. Our know- 
ledge of this family is conveniently summed up in Professor 
Bourne’s paper 3 upon the genus MonWgaster. There are some 
eighteen species, which range in size from an inch or so in 
length (M. bahamensis ) to about two feet ; this last measurement 
is that of the huge M. grandis, of which, together with many others, 
Professor Bourne gives coloured drawings. There is a second 
genus, j Desmog aster, which is mainly characterised by the doubling 
of the reproductive organs. This was described by Rosa from 
Burinah. The family is noteworthy on account of the fact that 
every species belonging to it has at least four distinct gizzards, 
sometimes more ; but as this multiplication of the gizzards has 
been also found in Hcliudrilus among the Eudrilidae, and indeed 
elsewhere, it is insufficient to define the family. More character- 
istic is the fact that the sperm-ducts open on to the next segment 
to, or even the same segment as, that which contains their funnels , 
consequently the apertures of the oviducts are behind instead of in 
front of them. These pores are also situated in a very anterior 
position, the male pores being upon the tenth segment or between 
the tenth and eleventh, and the oviducal pores upon the follow- 
ing one. In these features the family presents resemblance to 
the aquatic Oligochaeta, from which, however, its stoutly-built 
gizzards, and vascular nephridia differentiate it. 


II. Megadrili. 

Fam. 9. Pcrichaetidac*— The Perichactidae comprise a larger 

1 “ Anatomical Notes on Sutroa," Zoe. ii. 1892, p. 321. 

* “ Pacific Coast Oligochaeta," Mem. California Acatl. Set. vol. 11 . 

3 Quart. J. Micr. Sci. xxxvi. 1894, p. 307. . - S TV. 

* See Spencer, Proc. Roy. Soc. Viet. v. 1893, ami Fletcher, T. Linn. Soe* 

i 880-1888, for Australian forms; Ro*i, Ann. Hus. civ. Genova , vi. ’ * 
and xii. 1892, for Oriental species, « tc. 
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number of species than any other family of earthworms ; but it 
is a matter of considerable difficulty to divide the family satisfac- 
torily into genera. The family as a whole may be defined as 
having numerous chaetae in most of the segments of the body. 

There is no other definition which will distinguish this 
family from the next two families, and even this definition is not 
absolutely distinctive. There are Acanthodrilids which have a 
large number of chaetae in each segment. The only difference is 
that in this case — in the genus Plagiochaeta — the chaetae are 


implanted in twos ; this is not the case in the Perichaetidae. In 
all Perichaetidae that are known the sperm-ducts open in common 
with the ducts of the spermiducal glands ; they generally open 
into them at some distance from the common external pore. In 
Megascolex, Perichaeta, and Pleionogaster the nephridia are of 
the diffuse type so widely spread among these worms, and the 



spermiducal glands are lobate. Megascolex 
differs from the others in the fact that in 
addition to the small scattered nephridia 
there are a pair of large nephridia in each 
segment, and the chaetae do not form 
absolutely continuous circles, but are inter- 
rupted above and below. Pleionogaster has 
more than one gizzard but otherwise agrees 
with Perichaeta ; it is confined to the East. 

Perichaeta is tropical and occurs — no doubt 
introduced — in Europe and America. Mcgas- 
colex is Old World only, and, like Perichaeta, 

Australian as well as Oriental. But whereas ^ 

Perichaeta is rare in the Australian region, 

Megascolex is common there. Perionyx and 
Piporochaeta are the other genera which it 
is possible to recognise Both of them have Fi o. 196 .— perichaeta 
paired nephridia. and neither of them have ^sp^LuJ.'i 
intestinal caeca, a peculiarity which they both pores ; cliteiium ; 
share with Megascolex and Pleionogaster. por * ; ** 

Perionyx principally differs from Piporochaeta 
in that the spermiducal glands are lobate, whereas in the latter 

8X0 88 t ^ le Acanthodrilidae. Perionyx is Oriental ; 
Piporochaeta occurs in Australia and New Zealand. 

A very distinctive feature of Perichaeta — perhaps only of the 
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genus sensu stricto — is its exceeding activity. The first speci- 
mens ever noticed in this country, or at least of whose exist- 
ence printed notice was taken, were exhibited by the late Dr. 
Baird of the British Museum, at a meeting of the Zoological 
Society. He remarked in that communication upon the agile 
fashion in which these tropical Annelids will spring off a table 
when touched or in any way interfered with. Numerous other 
observers have seen the same manifestations, and the name of 
“ eel-worm ” has been given to these Perichacta by gardeners. 
It is worth putting on record here that in a species of Acan- 
tliodrihis (A. capensis) the same irritable behaviour is visible. 
"When a Perichacta moves it helps itself greatly by extending, or 
rather protruding, the buccal cavity, which serves as a sucker, and 
grips the ground in front until the rest of the body is brought for- 
ward. It is possibly on account of this extra facility for movement 
that the genus can climb trees with such ease. A species of 
Perichacta has been recorded by Mr. Willey upon an epiphyte of 
a palm, and Dr. Benham has found that it is a new species, to 
which the name of Perichacta willcyi has been given. The 
Lumbricid genus (if it be admitted as a genus), Dcndrobaena, was 
so named on account of a similar habit of climbing trees. Very 
singular in its habit is the not inaptly-named Perichacta vmsica 
of Java. It is a monster of its kind, several feet in length, and 
during the night makes “ a sharp interrupted sound,” apparently 
by the friction of the chaetae against stones. The species 
figured (p. 381) is, as are a few others, remarkable for the presence 
of twelve or seventeen spermathecae in segments 6 and 7- 

Fam. 10. Cryptodrilidae} — This family is one of the largest 
of the Oligochaeta; there are rather over 120 different species, 
which can be arranged in at least sixteen genera. They are 
found in most parts of the world, but abound principally in the 
tropics. Australia may be considered to be the headquarters of 
the family, which form its principal earthworm -inhabitants. 
Peculiar to this continent, or at least mainly confined to it, are the 
genera Megascolidcs, Cryptodrilus, Fletcherodrilus, Trinephrus, and 
Digastcr. Microscolex, though occurring in many parts of the 
world, is characteristic of the more southern regions of South 
America and of New Zealand. Tropical Africa, has the genera 
Nan nodr il its and Millsonia limited to itself, and has besides nearly 

1 See Fletcher and Spencer, already quoted, for Australian species. 
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all the species of the genus Gurdiodrih/s. This family is one 
which it is exceedingly difficult to define and to split up into 
different genera. It shades almost imperceptibly into the Peri- 
chaetidae on the one hand, and is very hard to differentiate from 
the Acanthodrilidae on the other. A Cryptodrilid, like any 
member of the genus Cryptodri! //.•?, with complete circles of chaetae 
would be a Periehaetid ; and as there are species of Pcrichacta in 
which the anterior segments have only a few chaetae in each 
segment, it is perhaps wrong to separate the two families at all. 
Apart from the chaetae, there is no peculiarity in the organisation 
of the family Perichaetidae that is not also met with in the 
Cryptodri lidae. Even the highly characteristic intestinal caeca 
so distinctive of the genus Perichaeta itself, as contrasted with 
Megascolcx and the other genera, occur, though moi’e numerouslv, 
in the African Millsonia, where there are forty or fifty pairs of 
them. A fairly common feature in the family is the presence of 
two, or even three, pairs of gizzards, a character which is also 
met with in the genus Benliamia among the Acanthodrilidae, 
and occurs also in some other families. The names Disaster, 
Didymogaster, Pcrissogastcr, and Dichogastci' have been founded 
upon this character. The excretory organs may be paired (in 
Trinephrns there are three pairs to each segment) or of the diffuse 
kind. The male pores are usually upon the eighteenth semuent, 
but not unfrequently upon the seventeenth, and are often armed 
with long and ornamented chaetae. Spermidueal glands are 
invariably present, and may be lobate or tubular. There are 
two groups of small-sized genera, which in their simplicity of 
organisation stand at the base of the series ; but it is very 
possible that the simplification is rather due to degeneration 
than to primitive position. One of these groups includes the 
semi-marine genus Pontodrilns (with which I include the 
phosphorescent Pkotodrilvs ) and Microscolcx. In these forms 
the gizzard has disappeared, or is represented by a rudimentary 
structure, and the male pores are upon the seventeenth segment 
In the other group are the genera Ocnerodrilus } Gordiodrilvs* and 
A annodrxlus, which are of even smaller size, and have in the same 
way the male pores upon the seventeenth segment. The species 
ot this group are often aquatic, and there is not only no gizzard 

1 E,80n, “ AU f n St I\ die ! on °**rodriliu, n Proc. Calif. Acad. (2) iii. 1892, p. 228. 

Beddard, Ann. Mag. Nat. Hist. (6) s. 1892, p. 74. 
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(in most of the species), but the ealciferous glands have been 
reduced to a single pair, which lie in the ninth segment. The 
latter character is also found in the Acanthodrilid Kerria, which 
has been associated with the above named. Gordiodrilv* has the 
peculiarity that there are, as in Acanthodrilids, two pairs of 


tubular spermiducal glands. 

Fam. 11. Acantlwdrilidae } — This family is only with diffi- 
culty to be distinguished from the last. The following definition 
applies to all the members of the family with one exception, and 
does not apply to any Cryptodrilid with, so far as is known, one 
exception only. There are two pairs of spermiducal glands, 
opening upon the segments in front of and behind that which 


bears the apertures of the sperm-ducts. 

The one exception to this definition is the species Acanthodrilus 
monoci/stis, which I formerly placed in a distinct genus, Kcodnlus. 
Microscolcx modestus is the exception among the Cryptodrilidae ; 
in that worm the male pores are upon the segment which follows 
that upon which the spermiducal glands open. The Acantho- 
drilidae show a considerable range of structural variation. This 
enables them to be separated into several well-marked genera. The 
type genus Acanthodrilus has a pair of nephridia in each segment. 
It contains thirty-five species, which are all from the southern 
hemisphere. These species show but little variation among 
themselves. Benhamia is a genus that differs from Acanthodrilus 
in the fact that the nephridia are of the complex type, so often 
met with in earthworms with many external pores. The seg- 
ment that bears the male pores is entirely without any traces o 
the ventral chaetae. Here again there are a large number o 
species which are nearly confined to the continent of Africa. Vr. 
Michaelsen is indeed of opinion that the few species found m the 
Eiist Indies and America are accidental importations. a 

proposed to separate some of the New Zealand Acanthodrihds 
into a distinct genus. Octochaetus, which is somewhat intermed ate 
between Acanthodrilus and Benhamia. They have multiple 

££■ £ ss : t s, 

s* btssk- 

. Bctld&rd, F. Z Z 1885 .nd 1895. for Antarctic Atanthodrilid. ; MtcUelrcn, ■» 
Jahrb. Hamburg. Ansi. 1888-95, for Benhamia. 
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Zealaud) has twelve chaetae in each segment. Diplocnrdm, from 
North America, lias the male pores on segments 18, 19. 20. 

Fam. 12. EudrUidac } — This is perhaps the most remark able 
family of terrestrial Oligo- 
chaeta. Its distribution is Jgs, 

no less curious than its struc- 
turn. Up to the present it f 

is not known outside tropi- 
cal Africa, with the excep- » . fi u 

tion of the genus Evdrifus ^ -'"'5 

itself, which is almost world- 
wide in range. As, how- 
ever, but one species of \ 

Eudrilus is found out of /Kjr tr — *1 i 

Africa, and as that species is fcJ f / cl 

so common in gatherings I Jf / 

from various tropical coun- 

tries, it seems to be an in- 

stance of a species with large 

capacities for accidental 

transference from country to jKjgr *?V 

country. The type genus, 

Eudrilus, has been known 

since 1871, when it was '• 

originally described by M. JSf 

Perrier. 2 Since that date fpg fl'p 

nineteen other genera have / 

been described from Africa 
by Dr. Michaelsen, Dr. 

Rosa, and myself. The most 
salient external character of 

the group, not universal Pia. i97.-/.,y , v , „ Wm f. k. n. x 2 . 

but general, is the unpaired SJ> ' s l«niiatlii-.-i»i 1 * 01 * ; :•/, ditfiimu ; 
male and female orifices. Tlie ***' 

orifices are commonly very conspicnons (see Vi... Ift-'i 

Tta paaiimhe, of internal atrnctmv mainly concern the 
reproducttve organs, the didbrenres in winch from gen... 

dJI? r o,fom.wSr"'“ “ r “ -y M—ttr.,.!. of .lie Oel.-t Oh*,. 


»- ,-w 




V 2. 


3 [rr j/,w - vhi - ,sr2 - «*• 
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genus are often very great. We have already referred to the 
remarkable branching of the nephridial duct in the body-wall, 
and to the much modified calciferous glands of Stuhlmannia and 
some other genera. These structural variations perhaps permit 
the family to be divided into two sub-families. In one there are 
calciferous glands of the normal type, though peculiar in that 
one or more are median and ventral in position, and are unpaired ; 
there is no branching of the nephridium in the body-wall ; there 
are always, so far as is known, the Pacinian-corpuscle-like bodies in 
the integument. In the other sub-family the calciferous glands, 
if present (they are absent, for instance, in Libyodrilus), have under- 
gone much modification in structure; the nephridia, where they 
have been investigated, have been found to branch copiously in 
the body-wall ; the peculiar integumental bodies hardly ever occur. 

Fam. 13. Geoscolicidae } — This family is essentially tropical, 
being found in South America and the West Indies, in tropical 
Africa, in India, and in some of the islands of the Malay Archi- 
pelago. But it also occurs ( Spar'ganophilus and Criodrilus) in 
Europe and in America. A good many of the genera are aquatic. 
This is the case with the two already mentioned ; the genera 
Glyphidrilns and Annadrilus of the Malay Archipelago can live in 
water. The family is easily definable if we take the more typical 
forms ; but at one end of the series it fades into the next family, 
that of the Lumbricidae. Criodrilus is one of the genera which is 
difficult to place. As is the case with many Geoscolicidae, Cno- 
drilus has ornamented chaetae not only upon the clitellum, but 
upon the other segments of the body. This character was unti 
recently unknown among the Lumbricidae; it has lieen lately 
found in Allolohophora vioehii and A. lonnbergi. The absence 
of spermathecae characterises Criodrilus as well as other Geoscoli- 
cidae ; but here again the character is not by any means distinc- 
tive, for in Allolobophora constricta there is the same absence o 
these organs. In Criodrilus the male pores are upon segment lo, 
as in the Lumbricidae, but a species of Kynotus, which is certain ) 
a Geoscolecid, has these pores upon precisely the same 
The only point in which CriodrU « is definitely a 
rather not a Lun.bricid, is in the forward pos.tionofthecheUum 
which begins upon the fifteenth segment, far earlier than it 

1 Th. scattered literature of this family is duo to Bonham, Miohaolscn, Pernor, 
Rosa, and other*. 
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in any undoubted Lumbricid. The peculiar elongated cocoon, 
which much resembles that of Spnrganophilus , is another char- 
acter which favours its Geoscolecine affinities. Dr. Michaelsen has 
proposed to unite Criodrilus and Alma into a family intermediate 
between the Geoscolicidae and the Lumbricidae. 

Perhaps the most remarkable genus in the whole family is 
Alma. One species lives in the Nile mud ; another is the 
“ Yoruba worm ” of West Africa, whose habits have been de- 
scribed by Mr. Millson. The most marked character of this genus, 
apart from the branchiae (see p. 352) which apparently may be 



Fig. 198. — Alma milUoni F. E. B. x 1. 


present or absent according to the species, is in the two enormous 
processes of the body-wall, which are illustrated in Fig. 198. 
These contain the sperm-ducts, which, however, open some way 
in front of the free end ; they are provided on the ventral surface 
with a series of sucker -like structures and with peculiar chaetae. 
Another interesting genus is l J ontoscolex, which was originally 
described from the sea-shore of Jamaica by Schmarda ; there are 
only two species which are certainly characterised, though a variety 
from the Hawaian Islands may be a “ good ” speciea It possesses 
the remarkable peculiarity that the chaetae at the end of the 
y are disposed in a perfectly irregular fashion, which earned 
lor it the name of brush-tail at the hands of its discoverer, Fritz 
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Miillcr. This worm, which is universal, or nearly so, in its 
range, doubtless having been transferred accidentally from country 
to country, invariably shows a light spot not far from the tail; 
when this is examined with the microscope it is seen that the 
chaetae are here absent or very small, and that the muscular 
structure of the body-wall is slightly different ; it was thought 
that this spot was a zone of growth where fresh segments could 
be added after the fashion of some of the aquatic Oligochaeta, to 
which, it may be remarked, the present genus shows a curious 
point of likeness in the bifid character of the chaetae. It seems, 
however, that there are x-eally no grounds for the supposition, and 
it is possible that we have here a “ weak ” spot, such as that in 
the foot of certain land snails, which readily gives way when the 
worm is picked up by a bird, and allows the “ better half” of the 
creature to escape. The Bermudian genus Onychochacla offers a 
very strange peculiarity in that the chaetae on the hinder seg- 
ments of the body are enormously larger than those in front, and 
end in strong hooks ; it seems likely that their function is to 
maintain a tight hold of the ground while the worm is leaning 
out of its burrow, as every one has seen the common earthworms 
of this country do. Onychochaeta has the same irregular arrange- 
ment of the chaetae upon the greater part of the body, as has 
Pontoscolex. This family, like so many others, has its giants and 
its dwarfs. At one extreme is the great Antaeus of South 
America, several feet in length ; at the other the inch-long flyo- 
genia of Africa. The American Urobenus has a pair of intestinal 
caeca like those of Perichaeta, and placed in the same segment. 

Fam. 14. Lumbricidae } — This family is to be distinguished 
by the following assemblage of characters. 

The male pores are usually upon segment 15, and never 
behind that segment ; the clitellum commences some way behind 
the male pores. The gizzard, which is invariably single, is equally 
invariably at the end of the oesophagus. There are three pairs 
of calciferous glands. The nephridia are always paired. The 
spermathecae never have a diverticulum. 

This family only contains three well-known genera, viz. 


ii Rosa, “ Revisione dc? Lumbricidae,” Mem. Acc. Torino (2), xliii. 1893, p. 399 ; 
also the Rov. H. Friends numerous and useful paper*, and especially “ A 
SiM-eics of Earthworms," Proc. lion. Irish Ac. (3) ii. 1891-93, p. 402 ; and The 
Eirth worms of Ireland," Irish 2fut. v. 1896, p. 69, etc. 
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Lumbricus, Allolobophora, and Allurus. The American Bimast os 
may be distinct. 2'ctragonurus, not allowed by some, is at present 
unknown except as regards external characters ; it differs from 
the other Lumbricidae in the fact that the male pores are upon 
the twelfth segment. In Allurus they are upon segment 13, .and 
in the remaining genera upon the fifteenth. Bumbricus is to be 
distinguished from Allolobophora by its prostomium, which is 



Flo. 109 . — AlMoboplutrn chlorotica Sft vigny. 
x 4. The clitellar segments are marked 
iu Roman numerals. t.p, Tubercula 
pubertatia ; 6, male pore. 



Flo. 200 .— Allolobophora pulris V ejd. 
x 5. Lettering as iu Fig. 199. 
The black dots represent the chaetao 
iu both figures. 


continued by grooves on to the buccal segment, so as to cut the 
latter in half. It has also median sperm reservoirs, as well as 
the paired sperm. sacs which are alone present in Allolobophora, 
This is the only family of earthworms which, so far ns is 
known, can brave the ice and snow, and what is still more 
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difficult to understand, the perpetually frozen undersoil of the 
Arctic regions. Eisen has described a number of species from 
Spitzbergen, and Colonel Feilden recently sent me an example 
of Allolobophora octoedra from Kolguiev, where Mr. Trevor-Battye 
also saw another specimen. The family is characteristic of the 
Nearctic and Palaearctic regions, and though found beyond them, 
is probably elsewhere an accidental importation (see p. 371). 
There are at least fifteen species of this family found in 
England and Ireland, and probably more will be identified. 

There does not exist at present any comprehensive account of 
the British species of earthworms, though all of them are 
included in Dr. Rosa’s recent revision of the family. Most of 
the British forms belong to the genus Allolobophora, which may 
be divided into two series according to whether the chaetae 
are quite close together or further apart. The extent of the 
clitellum and the position of those swollen eminences which 
appear earlier than the clitellum, and are known as tubercula 
pubertatis, offer further characters. In the following tables, 
extracted from those of Rosa, the known British species of this 
genus are grouped according to these three characters. With the 
help of these tables and Figs. 199 and 200, any of the species 
ought to be easily identified. 


With Chaetae Distant. 1 


A. j?ulris 
A. constrict a . 

A. vcncta 
A. octoedra 
A. cyanca (subsp. 

profuga) 

A. rubida 
A. mamma l is . 


25 


20 


27 


28 

29 

30 

81 

| 32 

33 

34 

35 


i 

i 






l 












— 




1 





1 

I 

~ 


i 

1 




1 i 

i 


1 1 

, 




30 


1 In the tables the figures refer to the segments of the body. Opposite the name 
of each species are two sets of lines ; the upper series indicate the segments occupie 
by the clitellum ; the lower series those occupied by the tubercula pubertatis. T1 
dots indicate the occasional extension of the clitellum or ol the tubercula. 
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With Chaetae Paired. 


A. rosea 
A.foetida . 

A . cxseni . 

A. caliginosa 
A . Urrcstris 
A . chlorotic <t 
A . fjcorgii . 

There are of course other points by which the different species 
can be distinguished. Colour in a few cases enables a species to 
be named at once without any further aid. One of the most 
striking of these cases is the Brandling, so common upon dung- 
hills, and so dear to some anglers. This worm is ringed with 
brownish purple upon a yellowish ground. The greenish A. 
chlorotica is often found under stones, and curls itself round into 
nearly a complete circle when disturbed. A. cyanea, of a bluish 
grey colour, is one of the earthworms very commonly met with 
in the early morning in London and the neighbourhood. More 
generally, however, the colour is of a paler or darker red, verging 
towards and attaining brown, or even blackish brown ; and is so 
variable that nothing in the way of identification can be at- 
tempted from the colour alone, even with the most elaborate 
description. 

Lumbricus, as already mentioned, is distinguished from all 
Allolobophora except A. eiscni, by the complete dovetailing of the 
prostomium into the first segment. There are five species in this 
country which may be thus distinguished by the position of the 
tubercula pubertatis. The most familiar species is the common 
L. rubellus. 

L. rubellus Hoff, tubercula pubertatis are on 28, 29, 30, 31 
L. castancus Sav. ,, ,, „ 29,30,31, 32 

L. herculcus Sav. „ ,, „ 33, 34 f 36, 36 

L. papillosus Friend ,, „ ,, 34, 35, 36, 37 

I.fcstivus Sav. t , 35, 36, 37, 38. 


24 1 25 i 20 


27 


28 


20 


30 I 31 
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32 


33 
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\ 



1 











— 










34 


35 




36 i 37 | SS 


30 



CHAPTER XIV 


HIRUDINEA (LEECHES) 

INTRODUCTION ANATOMY REPRODUCTION CLASSIFICATION 

RHYNCHOBDELLAE AND GNATHOBDELLAE 

“ The external appearance of the Hirudinea,” remarks Professor 
Vaiilant, 1 “ permits us, save for rare exceptions, to recognise at 
once the animals which belong to that group.” The leeches are 
distinguished as a rule by the possession of two suckers, one at 
each end of the body ; their general shape usually differs from 
that of other Annelids by its oval contour and its dorso- ventral 
flattening. Cyclicobdclla lumbricoides of Grube, which Blanchard 
has stated to be the same species as Ncjdielis tergestina, has, 
however, almost the form of an earthworm by reason of its 
cylindrical shape and the inconspicuousness of the suckers, while 
luvnbricobdclla also resembles an earthworm and has no posterior 
sucker at all. 2 The Oligochaet family Discodrilidae (see p. 376) 
agree with the leeches in their parasitism, in their general shape, 
in the presence of two suckers, and, furthermore, in the existence 
of jaws, which are found in no other Oligochaet, but occur in a 
large number of the Hirudinea. These facts, indeed, though not 
perhaps important by themselves, are indications of the really close 
resemblance of the Hirudinea to the Oligochaeta, a group which 
they approach not merely in such habits as the formation of a 
cocoon in which the eggs are enclosed, but also in many important 
points of internal and external structure. Indeed, the fundamental 
differences between the two groups are not numerous, and are not 
of such importance as has been given them by some writers. 

Leeches are to be found in most parts of the world, in situa- 

1 “ Anneles,” vol. iii. 1889-90, p. 477, in the Suites (i Buff on. 

3 See v. Kennel, Zool. Juhrb. ii. 1887, p. 37. 
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tions which are sufficiently damp for their comfort. But we 
do not at present possess enough knowledge to state much as 
to the facts of their distribution. The structure of leeches is 
not so well known as is that of the earthworms ; for they have 
not been to so great an extent collected in extra - European 
countries. It would even be desirable to ascertain precisely the 
species which inhabit these islands, the most recent enumeration 
(1865) being that contained in the British Museum Catalogue of 
non-parasitical worms by the late Dr. George Johnston. lor Italy 
this has been lately done by Dr. Blanchard, and a good many of 
the species are common to the two countries. Johnston enumerates 
altogether (after subtracting what are probably synonyms) 
twenty-one species, distributed among the genera Branchellion, 
Pontobdclla, Piscicola, Ncplulis, Trocheta, Haeviopis, Him do, and 
Glossiphonia ( = Clepsine), which number will 
be possibly still further reduced. The first 
two genera are marine, the remainder being 
fresh water or terrestrial; Trocheta has been 
probably introduced. 

The use of Hirudo mcdicinalis is well 
known to many of us from personal experi- 
ence. So extensively was this leech formerly 
made use of that it is now far from being 
a common species either in this country or 
in France. Those who desire full informa- 
tion as to Hirudiniculture should consult 
the work of Dr. Ebrard, published in 1857. 1 
The former extensive use of the leech has 
led to the transfer of its name to the .doctor 
who employs it, the authors of the sixteenth 
century constantly terming a physician a 

leech ; it has been suggested, however, that 

the term was applied rather by way of Fjo. 201 .— Anterior end of 
analogy. The useful blood-sucking habits M<“?obddia sesiertia , 

1 . . « ! . . , 0 to show eyes and sense 

the medicinal leech have been wrongly at- bodies. (Alter Whit- 
tributed to the innocent horseleech ( Aula - ,,,an ' ) 

stovium) — innocent, that is to say, of the blood of Vertebrates, for 
it has been described as “ a cruel and greedy worm,” engulfing 
earthworms and even smaller specimens of its own species. 

1 Nouvcllt Monographic dcs Sangsua mMicinalcs. Paris, 1857. 
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“ Horsleches,” said an old writer, “ are wholesome to drawe 
foorthe foule blood, if thei are put into a hollowe rede, and one 
of their endes cutte of, whereby the blood maie run forthe.” But 
it is clearly not easy for a creature destitute of jaws and teeth to 
bite, and the similarity of general aspect has doubtless led to a 
confusion with the savagely biting medicinal leech. 

The Hirudinea are all distinctly segmented animals, but the 



Fio. 202. — Sense l>ody of Macrnbdella 
Hcaterlia. (After Whitman.) ep* 
Epidermis ; *•, clear cells. Highly 
magnified. 



Fio. 203.— Section through eye 
of llaemadipsa japonica. 
(After Whitman.) ^. Epi- 
dermis ; n, nerve. Highly 
magnified. 


segmentation (lifters from that of the Oligochaeta in swo points. 
Tn the first place the number of segments is much smaller in a 
leech than in an Oligochaete, although the difference does not 


appear great at first sight. 

A leech’s body may seem to be composed of seventy, eighty, 
or one hundred segments, a number quite as great as is found, 
for example, in the genus Perichaeta among the earthworms ; but 
the apparent number of segments in the leech is produce! y a 
very marked annulation of the real segments; and this is mcleecl 
the second point of difference referred to above. but there 
are earthworms which show frequently a secondary annulation, 
secondary because it appears lute and does not affect other organs 


XIV 


SENSE-ORGANS GILLS 


395 


of the body. A segment of an earthworm may indeed have 
five or six distinct annulations, but it will be bounded internally 
by two septa, and will bear only one set of chaetae externall) . 
In the leech external clues to the definition of a segment 
were until recently wanting. They appear now to have been 
found in the sensory organs of the skin (Figs. 201 and ^0-), 
which are, according to Whitman, 1 2 disposed in a perfectly 
metameric fashion. Judged by tins, and also by the nephridia 
and nerve-ganglia, the number of segments in a leech does not 
appear to exceed twenty-six, independently of the sucker, which 
may represent a few fused segments, seven (in the medicinal 
leech) according to Leuckart. 

The eyes, which are so useful in the systematic arrangement 
of the group, appear to have been evolved from these sensory 
organs by a further exaggeration of their peculiarities. ligs. 
202 and 203 show this point convincingly. The segmental sense 
organ is shown in Fig. 202 \ to the outside of certain sense cells, 
below which are a mass of ganglion cells, are 
certain peculiar transparent cells very similar 
to the clear cells found in the interior of the 
eye (Fig. 203). The segmental disposal of the 
sensory bodies and of the eyes is shown in 

Fig. 201. 

Some Hirudinea are furnished with external 
branchiae ; this is the case with Branchellion, 
in which genus the branchiae (Fig. 204) have 
an arborescent form ; in Cystibrcinchus there are 
a series of paired simple vesicles which take the 
place of these more complicated respiratory 
organs of Branchellion. The Hirudinea do 
not, save for one exception ( Acanthobdella ), 
possess chaetae ; but it must be borne in mind 
that the Discodrilidae and the genus Anacluieta 
among the Oligochaeta are in the same condi- 
tion. In Acanthobdella 2 there are two pairs of 
chaetae upon each side of the anterior five seg- 
ments of the body. According to the figure which Grube, the 



Fio. 204. — Branchd- 
lion torj*dinis t 
(From the 4< Hogue 
Anitual.”) xl. 


1 Quart. J. Micr. Sci. xxvi. 1886, p. 317. 

2 ScoGrube, “ Annulaten” of MiddcndorTs SrtmV/ic A'efw, Zoology, ISM, p. 20 ; 
and Kowalovaky, Bull . Ac. St. Pctcrsb. v. Juno 1896. 
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original describer of the genus, gives of these chaetae, the part 
implanted in the body is straight, while the part extending freely 
beyond the body is sharply hooked. 

The body of the leeches is never ciliated externally ; there is, 
as in the higher Oligochaeta, a cuticle secreted by the underlying 
epidermis. The Hirudinea have, like the Oligochaeta, a clitellum 
which, as in some of the lower members of that group, is limited 
to a very few segments in the immediate neighbourhood of the 
generative openings. It occupies in Hirudo segments 9, 10, 
and 1 1. The epidermis gives rise to many unicellular glands 
which either remain in situ or get moved to a deeper position. 
In this the leeches exactly resemble the earthworms. There is 
generally a great deal of connective tissue in the body-wall. The 
muscles consist of circular, longitudinal, and radial series. The 
individual fibres have the same structure as those of the Oligo- 
chaeta, consisting of a soft and undifferentiated core, round which 
is a radially-striated sheath of contractile substance. 

Alimentary Canal. — Theleechesaredivided intotheRhynchob- 
dellae, which have a proboscis but no jaws, and the Gnathobdellae, 
which possess a series of jaws but have no proboscis. But the 
division is not a hard and fast one, for we have Whitman s 


genus Leptostoma, which should belong to the jawed division, but 
which has quite rudimentary jaws without the sharp denticles so 
characteristic of Hirudo. The pharynx is furnished with salivar) 
glands. The oesophagus is followed by the proventriculus, which 
has a varying number of pairs of caeca ; then comes the intestine 
and the rectum. The anus is, as a general rule, placed dorsally 
to the sucker, but there are a few rare exceptions where the anus 
is within the sucker. The caeca are totally absent in Troclieta. 

Vascular System. — As will be seen from Fig. 205, the vas- 
cular system of the Hirudinea is constructed on a plan whic i 
closely resembles that of the Oligochaeta. The diagram re- 
presents Glossiphonia, one of the Rhynchobdellae, the group 
which comes nearer to the Oligochaeta in many particulars than 
the Gnathobdellae. We can recognise a dorsal and a ventral 
vessel, which are united in the anterior part of the b y y 
three perioesophageal rings, the elongation of which partidUa 7 
of the last pair 0), from before backwards is very marked. 1 
region of the sucker the dorsal and ventral vessels are « wte 1 ^ J 
fourteen shorter loops, the number of which has an interesting 
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tibn to the number of segments out of which this portion of the 
body is possibly formed. It will be ob- 
served also that the dorsal vessel is double 
in this region, a condition which obtains 
along its whole length in Branchellion — a 
repetition of what has been described in 
more than one species of Oligochaete. In 
the region of the last pair of digestive 
caeca the dorsal vessel has appended to it 
copious sinuses which embrace the intestine 
and supply its walls with blood. In Ifinulo 
there are only a pair of lateral vessels, and 
neither dorsal nor ventral vessels ; in this 
leech and in the Gnathobdellae generally 
there are intra-epidermic capillaries, a fact 
first discovered by Professor Lankester, and 
now known to occur also in the Oligochaeta. 

The development of the blood-vessels 
shows that they have no relation whatever to 
the coelom, in spite of their subsequent con- 
nexion with it. The two longitudinal stems of 
Hiriulo arise as cavities in the somatic layer • 
of the mesoblast after the formation of the _ _ 

coelom. In Nephelis, but not in Hirudo, Dr. , . 

Burger thinks that there is some reason for vmrginata, vx^cuiar°nlia 

regarding the vascular system as the remains ?lT u ™ y * ystcn h x 4 - 

ot the primitive segmentation-cavity of the vessel : g, intestinal 
embryo, an opinion which is held in respect of £££'* : r * ono of the 
the vascular system of many other animals. 

Body-Cavity. One of the most marked differences between the 
leeches and the Oligochaeta is in the body-cavity. In the latter 
eie are a senes of cavities corresponding to the segments, which 

which U a n it e th m beh r ind by the "tcrsogmental -pta. and in 

- , . e vlsc f ra he. In leeches such au arrangement is not 

TV* Acantho hddla - Kowulevsky - has quite 

lecently desenhed a typical coelom divided by septa into twenty 

at°first siehf "r 1 ^ nsTe /™ eections the body of ether leeches appears 

8 ° hd ' owi "S to the grew th of the muscles and 
connective tissue. A more careful study, however, has revealed the 

1 Sec ref. on ji. :\\\\ 
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fact that there are considerable remains of the body-cavity or coelom 
which form a complicated system of spaces and channels. What 
has happened, in fact, in the leech is that the coelom has become 
gradually and partially obliterated by proliferation of the cells in 
the interior of the body, a process of obliteration which has already 
commenced in the Oligochaeta. In many of the latter, some of the 
principal blood-vessels have become surrounded by a space cut off 
from the general body-cavity, while in the majority a special 
cavity mirrounds the testes and the funnels of the sperm-ducts. 
This process of the formation of separate cavities for the inclusion 
of the several viscera culminates in the leeches with the marked 
obliteration of the greater part of the coelom. This has become 
so much reduced to the condition of narrow tubes that there has 
been a tendency to confuse it with the vascular system, more 
especially perhaps in those forms in which the blood is tinged 
with haemoglobin, and in which there is a connexion between 
the two systems of spaces. This confusion lias been further 
increased by the plan of injecting the vascular system, a method 
of investigation which must be employed with great care in 
delicately-organised creatures whose tissues can be easily ruptured, 
and so lead to a flow of the injecting fluid into places and in 


directions impossible during life. 

In transverse sections of leeches it may be seen in successful pre- 
parations that the various organs of the body are enclosed in spaces. 
The funnels of the nephridia open into lacunae which could hardly 

in any case be regarded as blood 
spaces, while the blood-vessels 
themselves with their mus- 
cular walls cannot be con- 

founded ’ ttfc leasfc in the case 
of the larger trunks, with the 

F J spaces not having muscular 

6 walls which surround them. 

L 71 Furthermore, it will be pointed 

Flo. 206.— Coeicmic canals of Qiossiphonia out immediately that the 

c/miplanata. x 10. (After Oka.) «, Dorsal r*0nroductiV6 organs lire pro- 
canal containing dorsal blood-vessel ; b t 1 ii r 

ventral canal containing ventral blood- duceil On the Walls Ot «pac 
vessel; /, lateral canal ; n, nerve- cord. « re the commencement 


in the embryo of the reduced coelom of the adult worm. Thews 
spaces therefore conform in every particular to the genera 
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ditions which have been laid down about the characters of a true 
coelom. As to the complexity of this system, attention may be 
directed to the accompanying diagram (Fig. 206) of the coelom of 
a segment of Glossiphonia, which has been lately worked out in 
detail. 1 It will be observed that there are four main longitudinal 
sinuses which are connected by a complicated system of transverse 
tubes and spaces. In the anterior part of the body, before the 
point where the intestinal caeca arise, the dorsal and ventral 
lacunae fuse to form one larger so-called median lacuna. The cavity 
of this is interrupted, in correspondence with the segmentation of 
the body, by septa exactly comparable to those of Oligochaeta ; 
but the septa in Glossiphonia are not present at every segment. 
So far our account of the coelom is chiefly derived from the genus 
Glossiphonia. In Hirudo, which is an example of the Gnathob- 
dellae, the coelom is still further reduced ; the lateral sinuses in 
them appear to be absent. But on the other hand there is formed 
a series of cavities in a form of connective tissue which has been 
termed botryoidal tissue. The cells of this tissue become hollowed 
out, and form channels which are in communication on the one 
hand with the remains of the coelom and on the other with the 
vascular system. This system has certain analogies with the 
lymphatic vessels of Vertebrates, and, like them, is an intermediary 
between the body-cavity and the blood. Originally, however, 
these botryoidal vessels have nothing whatever to do with either 
the vascular or the coelomic system ; their connexion with both 
is a purely secondary affair, and only appears, comparatively 
speaking, late in life. 

The development of the spaces here spoken of collectively as 
coelom confirms this interpretation of their nature. In the 
embryos of Hirudo, Aulastommn, and Nephclis there, is a ventral 
space, 2 which includes the nerve-cord. Into this open a series of 
paired and segmentally-disposed lateral cavities, a pair to each 
segment. The ventral cavity itself is formed by fusion of the 
median parts of the lateral cavities. There is here clear evidence 
of a coelom, developed on a plan fundamentally identical with 
that of the Oligochaeta in that it is formed as a paired series 
of chambers corresponding to the segmentation of the body. 

Nephndia. 3. he “ segmental organs ” or nephridia are seen in 

1 Aaajiro Oka, Zeitzchr. t oiss. Zool. lviii. 1894, p. 79. 

* See Burger, quoted ou p. 408. 
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their simplest form in such a type as Glossiphonia — the Rhyn- 
chobdellae, to which this genus belongs, being indeed in most 
particulars less specialised than the Gnathobdellae. Here 
we have a distinct funnel opening freely into the median or 
ventral coelomic space, which is immediately followed by a 
rounded swelling termed by Oka 1 the capsule ; this is filled 
with cells, in the interstices of which the ductules are situated 
and meander. There is in this capsule a very strong likeness to 
the glandular brownish swelling which immediately follows the 
funnel in the nephridia of certain of the aquatic Oligochaeta, for 
example the Naids, where, as Vejdovsky has shown, there is a 
similar “ rete mirabile ” of the nephridial duct. After the capsule 
is a single row of cells which are disposed in a complicated coil. 
These cells are perforated by the duct, which is thus, as in the 
Oligochaeta, intracellular. In the first set of cells the duct is 
single, and gives off numerous branchlets into the interior of each 
cell, a condition which has also been observed in many Oligo- 
chaeta. Afterwards the cells are perforated by two, or even three, 
main ducts, for the duct returns upon itself and traverses the row 

of cells more than once ; 
there are also branchlets 
developed from one or 
other of the main ducts. 
The terminal part of the 
nephridium is a short 
invagination from the 
exterior, which is lined 
by cells. There is 
clearly a close resem- 
blance here with the 

Fig. 207. — Nephridium of J/irudo mtdicinalis. x 10. nephridium of an OligO- 
( After Bourne.) /, Funnel ; v, distal vesicle. c haete. The nephridium, 

however, except for the funnel and the narrow tube immediately 

following it, does not appear to be ciliated. 

There is, however, some difference of opinion as to the poi ions 
of the nephridium where there are two ducts in a sing e cc 
Bourne 2 thinks that where there are two ducts there are two 



1 Loc. cit. 

* Quart. J. Mier. Sci. xxiv. 18S4, p. 419 ; see 
which is mainly a criticism of Bohans' additions 
tare u|*on the l.cccli nephridium. 


also ibid, xxxiv. 1893, p. 545, 
to the very considerable literu- 
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cells, one lying inside the other, and that there is sometimes also 
a telescoping of cell within cell where the duct is single. In 
Hirudo the same writer has described the nephridial funnel, 
which has lost the simple character of that of Glossiphonia. 
The funnel is represented by a cabbage-head- like mass (Fig. 
-07, /) of ciliated cells with no single definite outlet to the 
exterior as in Glossijdionia. It appears to be an organ which 
has lost its proper function — a degeneration of the funnel being, 
as a matter of fact, not unknown in the Oligochaeta, where it 
may be carried to absolute extinction ( Chactugaster ). In Bran- 

chef lion and BontohdcUa the simple metameric arrangement of 
the nephridia is to some extent lost, owing to 
the formation of a network continuous from 
segment to segment. It will be borne in 
mind that the Oligochaeta are the only other 
C'huetopods in which such a nephridial net- 
work has been stated to exist. 

Male Reproductive Organs. — In Himdo 
medicinal is there arc nine, occasionally ten, 
pairs of testes, which are round white bodies 
arranged segiuentally, i.c. a pair to each seg- 
ment. From each arises a slender, somewhat 
sinuous tube, which enters the common collect- 
ing tube of its own side ; each of these is much 
contorted at the upi>cr end, the coiled portion 
being termed the epididymis. From this they 
enter a muscular penis which can be pro- 
truded This is the arrangement met with in 
all leeches, save for the fact that the penis is 
absent in some ; in Glossiphojiia (see Fig. 

208) this is the ease. The numl>er of pairs 
of testes also varies : and in Xcjdiclis they are 
no longer arranged metuiuericully. 

jn.e tartea arise as l.aal proliferations of "V?-™ 
me epithelium of the lateral coclomic cavities «lucttve orjpiun 
bat from the somatic wall, not from the 
splanchnic, ns in the case of the ovaries to be >•>«»•) ;//. ivo.tau- 
descrilied later A n v n , • g'anU*; «, 

which is to form the testis grows out later- 

ally into a thin cord, which is to become the vas oiler cus of that 
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testis. Later both testis and duct become hollowed out with a 


common cavity. The main portion of the vas deferens of each 
side, as well as the terminal copulatory apparatus, is an ingrowth 
from the epidermis which meets the downgrowths from the testes. 

That there are considerable differences between the repro- 
ductive organs of the leeches and those of Oligochaeta will be 
apparent from the above description. There are, however, to 
begin with, certain obvious similarities. In the first place, 
the origin of the reproductive glands is identical ; in both groups 
also the efferent ducts consist of two portions — an invagination 
from the outside, and a formation of the proximal part of the 
ducts near to the glands. In Monil itj aster , where — exceptionally 
— the testes develop on the posterior wal 1 of their segment in 
close contact with the funnels of the sperm-ducts, there is no very 

hard and fast line to be observed between the 



Fio. 209. — Sperm#* 

tophore of (Jlos&i- 
jihonia plantt • 
x 22. (After 
Whitman.) 


tissues of the two. The hollowing out of the 
testis in the leech, and the continuity of the 
cavity thus formed with the duct, is a special t) 
of the leeches not found among the Oligochaeta, 


Like many Oligochaeta, the leeches may form 
permatophores in which the sperm is packed foi 
ts conveyance from one individual to another. 
rlossiphonia ( Clepsine ) plana, where the structure 
n question has been elaborately described by 
Whitman, 1 may be selected as an example. The 
permatophore (Fig. 209) is about 8 mm. long, 
nd is clearly formed of two halves, each of which 
s formed separately in one ductus ejaeulatonus, 
he soldering together being effected in the 
ommon part of the male ducts, where also a 
,asal portion with a single lumen is added, 
fhe spermatophore has a double wall 1 1S 
leposited not in the neighbourhood of the 
generative pores, but upon the back , an 
nan has discovered the extraordinary foet t at 
he spermatozoa find their way through the body- 
vjlII of the leech into the interior of its body, 


where fertilisation presumably occurs. 

• “ Sponnatopliores a, a Means of Hypodermic Impregnation,” J. MorpTiol. iv 
1891, p. 301- 
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Female Reproductive Organs. — The ovaries ol' the Iliru- 
dinea appear to differ from those of the Oligochaeta in that the 
ovaries are continuous with their ducts. In Hirudu, however, 
the real ovary of each side consists of masses of germinal tissue 
lying freely within a sac which communicates with a duct ; the 
two ducts unite to form a much convoluted tube which opens 
into a thick-walled vagina, itself opening again on to the exterior 
by a median unpaired opening on the seventh segment. The 
muscular vagina is not always present. 

The median unpaired female aperture offers now no particular 
difficulty, since in many earthworms, e.g. Pcrichacta, this orifice 
is in the same condition ; nor does the fusion of the oviducts 
and the so-called ovaries ; for in Eiulrilus, for example, and in 
many Eudrilidae, the ovary is contained in a sac into which the 
oviduct also opens. It will be noticed too that the existence of 
short oviducts as compared with the long sperm-ducts is a 
further point of likeness to at any rate the higher Oligochaeta. 
But a further comparison needs first to be based upon a con- 
sideration of the development of the different sections of the 


apparatus in the leech. The independence of the ovaries and 
their ducts has been proved by several observers ; quite recently 
Burger has dealt with the matter in Ncphclis, ITirudo, and 
Avlastomum gulo. 1 He has found that the ovaries arise from 
t le splanchnic wall of the lateral coelomic cavities ; they are 
therefore proliferations of the coelomic epithelium, as in Oligo- 
chaeta and all Coelomates so far as is known. The peripheral 
layer of the mass of indifferent cells which constitutes the 
ovary becomes somewhat modified ; its cells are flattened, and 
H en ^ tk ^parates itself and forms a capsule surrounding 
the other cells, which are in fact, or become, the ovary. This 

capsule meets and fuses with the ducts, which are invaginations 
Irom the ex tenor of the body. 

that'nf 16 I" G - C * differences between the ovary of a leech and 

, g °? haete like tvnMcus. The only point of 

from th 1U „ lttC V 8 , the 0ngin of the reproductive gland itself 

forms wh? ° f the Lod ^ity. In Lumbrieu* and allied 

lories" tlip ! -7 . Dlay ke ke *d with regard to their homo- 

which aftPf V1 8 a luatter °f fact appear first ns funnels, 
which afterwords bore their way to the exterior. They are 

etlschr. imss. Zoal. linn. 1894, p, 440 ; and Zool. JtJirb. sliuit. iv. 1S01, p. 6l>7. 
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purely mesoblastic structures, not — except perhaps the very 
extremity — derived from an ingrowth from the epidermis. "We 
have, however, other Oligochaeta in which there are closer 
resemblances to what has just been described in the Hirudinea. 
In more than one point the aberrant family of the Eudrilidae 
come nearer to the Hirudinea than any other Oligochaeta, in 
spite of Branchiubdella with its jaws and sucker. Now in 
Eudrilus the ovary is enclosed in a capsule which becomes con- 
tinuous with the duct of the great sperm-holding pouch, itself an 
invagination from the exterior ; there is no reason in this 
Annelid why the ova should not reach the exterior by this 
system of ducts, although there is no actual experimental proof 
that they do so. In any case there is also an oviduct correspond- 
ing to that of Lumbricus, which opens into the opposite side of 
the duct of the spermathecal pouch on the one hand, and into 
the receptaculum ovorum on the other ; it has no direct con- 
nexion whatever with the sac containing the ovary. If we were 
to cut off the receptaculum and the oviduct and reduce the sper- 
mathecal sac to its duct, the result would be much the same as 


we find it in the leech. 

Cocoon. — The practice of forming a cocoon for the shelter of 
the eggs and of the developing young is shared with the Oligo- 
chaeta ; but not all leeches deposit their eggs in this manner. 
Glossiphonia, for instance, carries its eggs upon the ventral face of 
the body, where the young remain for some time after they are 
hatched attached by the posterior sucker to their parent’s body, 
and from which situation of safety they make short excursions. 
Other leeches deposit their eggs singly, but agglutinated to- 
gether upon stones, etc. In the medicinal leech the cocoon is 
ovoid in shape, and from the end, which is closed by a temporary 
plug, the young when ready escape. This cocoon is depositee , as 
is that of an earthworm, in soil near to the borders of a mars 1 
or pond, so that the young, while enjoying the requisite degree 
of moisture, may not 1* injured by a too wet environment. U 
the other hand PontobJMa and some other leeches i iaj thu 
cocoons attached to bodies actually submerged m 4 ' va * j 
The cocoon is secreted, as in Oligochaeta, by t le c ie ’ 
as in them, is drawn off over the head, the ova a,u I sperm pr - 
bably flowing into it during the process. The 
slightly hardened mucus causes the two ends oi tl 
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close up when it is free from the body ; it is then whitish and 
soft, and the leech fixes it, and appears to polish the surface with 
its buccal sucker. In a few hours the cocoon becomes amber 
brown, a colour which characterises the cocoons of a great many 
earthworms and other Oligochaeta. The medicinal leech forms 
its cocoon in the same way as does Nephelis, to which the above 
description refers ; but when the cocoon is formed the leech 
covers it with another layer of mucus, which Vaillant, from 
whose work the foregoing notes are extracted, 1 thinks may be 
produced from the so-called salivary glands. 

Classification.- — -The number of different kinds of leeches 
is at present uncertain. Seeing that no less than sixty-four 
varieties of the common Hirudo medicinal is — colour varieties, it is 
true — are said to exist, it is not wonderful that the labours of 
some systematists have been severe, and have provoked much 
criticism and alteration on the part of others. 2 As to genera, 
Vaillant, in his recent continuation of de Quatrefages’ “ Annel^s ” 
in the Suites & Buffon, which includes the literature up to the 
year 1886, allows thirty -seven, some (three) of which, however, 
are admitted to be incertac sedis. Blanchard, who has paid a 
great deal of attention to the group, reduces these by six, which 
lie considers to be synonyms ; but on the other hand he has 
added «>r rescued from oblivion six or seven others, and Whitman 
has instituted several Japanese and Australian genera. Most of 
those generic types are, however, only imperfectly known, and 
from external characters only. It is quite problematical how 
many valid genera should be retained ; in the meantime those 
that are fairly well known are divided by Blanchard 8 in the 
following way : — 

Sub-Order 1. Rhynchobdellae. — Hirudinea with an exsertile 
proboscis, without jaws, and with colourless blood. 

' “Anneles," vol. iii. 1889-90, p. 493, in tho Suites d Buffon. 

3 Whitman quotes with regretful approval {Proe. A meric. Acad. xx. 18S4-85, p. 70) 
Sir J. Dab-ell's remark, “It does not appear that the history of tho leech has advanced 
in proj)oi tion to the number of literati who have rendered it the subject of dis- 
cussion," and adds on liis own account the following severe indictment of his 
predecessors : “ As a considerable share of tho work done in this direction is 
imrdy systematic, it is somewhat surprising that not a single description of any 
Hirudo has been given with sufficient accuracy and completeness for a eloso com- 
parisonof oven its more important external characters with those of other species." 

Hirudinees do lTtalie,” etc. , Boll. Mus. Zool. Torino, vol. ix. 1894, No. 192. Soo 
also Apathy, "Susswasser-Hirudineen," Zool. Jahrb. Syst. iii. 1888, p. 725. 
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Fam. 1. Ichthyobdclhdae . — Body formed of two regions, a 
narrower anterior portion and a wider “ abdomen,” both anterior 
and posterior suckers distinct from the body. 

These leeches are parasites of fishes and of some other 
animals such as tortoises. The family contains a number of 

genera. Branchellion (Fig. 204) has a series of 
leaf-like branchiae on both sides : in Cystibranchvs 
the respiratory organs are reduced to a series of 
round vesicles. The latter genus occurs in Europe 
and North America, and is parasitic upon marine 
and fresh-water fishes. Piscicola is a common 
leech which confines its attacks to the inhabitants 
of fresh water. Pontobdella (Fig. 210) is marine, 
and affects rays and sharks ; the best known 
species, P. muricata, is usually of a green colour. 

To the family Ichthyobdellidae also belongs 
the large Chilian leech Macrobdclla raldiviana, 
of which there is or are also species in North 
America. Philippi’s figure of this leech 1 shows 
the distinct neck ; and as it has no jaws, it 
should be referred to the present family. It 
has got an undue reputation for size, 2^ feet" 
having been assigned to it. As a matter of fact 
Philippi’s illustration depicts an Annelid of about 
7 inches in length, with a greatest diameter of 
about an inch. But doubtless when extended in 
walking it would be longer — 1^ feet, Philippi 
thinks. It has no eyes, a failing which is not 
unusual among the leeches. 

Fam. 2. Glossiphoniidae . — Anterior sucker 
fused with the body, posterior sucker distinct. 
No cocoon. 

Fro. 210.— Poniob. The mem bers of this family all inhabit fresh 

x l. (After water; they have the habit of depositing tne 
Bourne.) eg g S separately, which are then fixed to the 

ventral surface of the body, and the young when hatched are 


1 Zcitschr. f. die tjesammt. Naturwiss. vi. 1872, ]>. 422. . 

2 But Pennant in liis British Zooloyj has referred to a leech which is eve 
larger. Upon the huge Basking shark ( Selache ) the fishermen sometimes observe a 
leech, which invariably drops oir when tlio fish is brought to the surface, > 
reddish colour and about 2 feet iu length ” ; this may be a Pontobdella. 
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still protected by the parent, returning to its body for shelter. 
The type genus Glossiphonia ( = Clepsine) is common in Europe, 
and has many species. The Mexican and Amazonian Haemen- 
tcria contains a number of species, of which the Mexican H. 
officinalis is used in medicine ; but according to Miguel Jimenez, 
its i«se is apt to be attended with unpleasant symptoms. Drowsi- 
ness, a buzzing in the ears, and the development ot a painful 
rash are some of the effects produced by its bite. It is disputed 
whether the animal’s saliva or foreign matter introduced by it 
into the wound are the cause of the symptoms. 

Mcsobdella of Blanchard 1 is said to be intermediate between 
this family and the next. Each segment has three annuli, as in 
this family, but the leech has three jaws, as in Hirudo. 

Sub-Order 2. Gnathobdellae. — Hirudinea without a proboscis, 
generally with jaws ; the blood is red ; the eggs are invariably 
deposited in cocoons. 

Fam. 1. Gna thobdcll ulac . — Pharynx with three denticulate 
jaws. 

This family as well as the next is terrestrial or fresh-water in 
habit. It contains a number of generic types, including the 
medicinal leech, Hirudo medicinalis, and the horseleech, Haemopis 
(Aulastomum) gulo. The former can be distinguished from the 
latter by its power of contracting itself into an oval olive-shaped 
form, which power is not possessed by the horseleech ; the latter 
has, moreover, only two caeca, while the common leech has ten pairs 
of these appendages of the intestine. The genus Limruitis is 
called after the Greek word Xipirijns, which Theocritus applied to 
the leech. It is found in the Nile, and caused serious incon- 
venience to the army of Napoleon. His soldiers in drinking at 
pools sucked up the small leeches not thicker than a horse’s 
hair, whose presence in the hinder part of the mouth cavity 
produced divers objectionable results, such as spitting of blood 
and hindered respiration. 

Fam. 2. Hcrpobdellidac . — Pharynx without denticulate jaws, 
with three unarmed chitinous plates. 

A characteristic genus of this family is Trocheta, which is so 
common at the Zoological Society’s Gardens and in the Regent’s 
Park, and which has been met with in other places near London ; 
it is in this country an introduced species, but is found in many 

1 Ann. Mag. Xat. Hist. (6) xii. 1S93, {>. 75. 
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parts of the continent. It is a land-leech, and lives upon earth- 
worms. 


The genus Haemadipsa, which M. Blanchard places in a 
special sub -family, contains a number of species which are 
for the most part land -leeches. Land -leeches occur in many 
parts of the world, but chiefly in the tropics — in India, Ceylon, 
Java, South America, etc. They lie in wait for their prey, upon 
the ground as a rule ; but they may ascend herbs and shrubs to 
gain a better outlook when they are aware of an approaching 
footstep. A vivid account of the ferocity of these tiny Annelids 
in Ceylon can be read in Sir J. E. Tenueut’s Natural History of 
Ceylon. They have been said to lie so pugnacious and so poison- 
ous that persons surprised in their sleep by the pests have suc- 
cumbed to their united efforts. A whole battalion of English 
soldiers decamped on one occasion from a wood which was over- 
flowing with iand-leeches. The familiar misquotation “ lethahs 
hirudo ” might well be applied to this species. Professor "\\ hit- 
man has written much upon the habits of the land-leech of Japan 
( Haemadipsa japonica), which bites so softly that its presence 
cannot be detected except for the stream of blood which trick es 
from the wound. While it is feeding it emits from the pores 
of the nephridia a clear fluid, which, as it appears, is used to 
keep the skin moist ; when unduly dried the same phenomenon 
occurs. It is curious that in this and other leeches the nephriclia 
should play a part which in the earthworm is played by the 
dorsal pores ; in both animals the glands of the skin are also 


concerned with the same duty. , . 

The purely aquatic leeches swim by undulations, an 

crawl by the help of the two suckers, like a “ Geometer ' caterpillar. 
But when a land-leecli is dropped into the water it at once : sin 
to the bottom and crawls out ; it does not swim, bu 
immersion for a long period In this it resembles the em*ivorm ^ 
which can also survive a prolonged immersion, an hi h 

case of some are indifferent to the medium, land or water, m 
they live ; the land-leech, however is of 

damp surroundings; a dry air is fatal to it. Ihe ct 

Japan leaves a slimy trail behind it as it crawls, 
recalling the land Planarian Bipalium kcwense. 
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CHAPTER XV 

GEPHYREA 

INTRODUCTION ANATOMY DEVELOPMENT SIPUNCULOIDEA 

PRIAPULOIDEA ECHIUROIDEA EPITHETOSOMATOIDKA 

AFFINITIES OF THE GROUP. 

The animals included in the above-named group were formerly 
associated with the Echinodcrmata. Delle Chiaje. 1 states that 
Ilohad.sch of Prague in 1757 was the first to give an accurate 
description of Sijntnculus under the name of Syrinx, but Lin- 
naeus, who noted that in captivity the animal always kept its 
anus directed upwards, re-named it Sijninrul-us. Lamarck 2 placed 
the Gephyrea near the Holothurians ; and Cuvier 3 also assigned 
them a position amongst the Echinodernis. He mentions Eondlia, 
Thahtsscma, Itch i urns, Sternasjiis, and three species of Sipuncuhis, 
one of which, S. crfvlis, ‘ sort de nourriture aux Cliinois qui 
hahitent Java, et qui vont la chercher dans le sable au moyen 
de jictits bambous prepares.” 

The name Gephyrea 4 was first used by Quatrefages, who 
regarded these animals as bridging the gulf between the Worms 
and the Echinodernis. He included in this group the genus 
Strrnasj)is ( vide p. 335), now more usually classed with the 
Chaetopoda. 

The Gephyrea are exclusively marine. They are sub- 
cylindrical animals, which can either retract the anterior end 
of their body — the introvert — carrying the mouth into the 

1 Mentone sulla Sloria t Notomia degli AniuuiK sen=a Vcrtebre, 1820. 

2 llistoire Nalurcllc des Animaux satis Vertibres, vol. iii. 1S1G, i>. 70. 

* Lc Jlktjnc Animal , 2nd ed. 1830. 

* >^0/w= a bridge, Ann. Set. JVWf. (3), vol. vii. 1847. i>. 310. 
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interior; or are provided with a long flexible l»ut lion-retractile 
proboscis. The latter is easily cast off. They usually bear 
spines or hooks of a hard chitinous character, secreted by the 
epidermis or outermost layer of cells. The mouth is at the base 
of the proboscis or at the end of the protractile part, the anus is 
at the other end of the body or on the dorsal surface. The 
nervous system consists of a ring round the mouth and of a 
ventral nerve -cord. A vascular system is present as a rule. 
Nephridia are found which act as excretory organs, and in most 
cases also as ducts for the generative cells. The Gephyrea are 
bisexual, and the male is sometimes degenerate. 

The group may be divided into four Orders: — (i.) Sipuncu- 
loidea; (ii.) Priapuloidea ; (iii.) Echiuroideu : (iv.) Kpithetosoma- 
toidea ; of these the first is by far the largest, both in number of 

genera and of species. 

The Anatomy of Sipunculus nudus. 

External Characters.— The body of S. nudm when fully 
extended may attain a length of a foot, or even a little , , >n 

this condition it is seen to consist of two . portions he antenor 
of which is, however, retracted into the other when the annual is 

disturbed. The retractile portion is somet.n.es termed the pro^ 
boscis, hut as its nature is entirely different from that of e 
proboscis of the Echiuroidea, it is better to refer to rt as the 
introvert Special retractor muscles are attached on the on 
Irnnd to the body-wall about half-way down the body, and cm 
'the other hand aie fused into a muscular sheath which summiu 

;,;r T,.e 

Lts 

T'T ° C Tt P ls narrower than the trunk 

^hlch Twilh their free ends dieted backward, overlapping 





one another like tiles on ;i roof. In some other genera, as 
Phyinoiitamt, the introvert Wars rows of horny hooks, whieli are 
apt to fall off as the animal »rmvs ohl. 

The trunk has from thirty to thirty-two longitudinal furrows, 
the elevations between which correspond with a similar number 


of muscles lying iu 
the skin. This longi- 
tudinal marking is 
crossed at right angles 
hv a circular marking 
of similar origin, the 
elevations of which cor- 
respond with t he circular 
muscles in the skin. 
These two sets of mark- 
ings thus divide the skin 
of the trunk into a 
number of small sijuare 
areas, very regularlv 
arranged (Fig. 2l_'). 

The outline of the 
trunk is more <>r less 
uniform, hut it is cap- 
able of considerable 
change according to the 
state of contraction of 
its muscles. The cir- 
cular muscles, for in- 
stance, may 1 Hi contracted 
at one level, thus caus- 
ing a constriction at this 
spot. The colour of S. 
nth/ a. s is a somewhat 
glistening greyish-while. 



Flo. 211. — Right half of tin- anterior eml of Sipmi- 
cuius u ml 113 L., seen from the inner nnle ami 
magnified, n, Fuiiiiel-sha|>ed grooved tentacular 
crown leading to the mouth ; A, oesophagus ; 
<% strands breaking up the cavity of the tenta- 
cular crown into vascular s| wees' ; c\ heart ; <1. 
brain ; r, ventral, and c, dorsal retractor muscles : 

ventral nerve-cord ; O', vascular spaces iu ten- 
tacular crown. 


The anterior end of the fully-expanded Sipunru/vs may l>e 
termed the head: here the skin is produced into a fraved fringe 
whirl, stands up in the shape of a funnel round the mouth, 
llu.s fringe is grooved on its internal surface with numerous little 
gutters, alt of them lined with cilia, which by their constant 
motion keep up a current which sweeps food into the mouth. 
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The fringe may be in the form of a simple ring round the mouth, 
or the ring may l>e folded in at the dorsal side so as to take 
the form of a double horse-shoe (Figs. 211 and 212). 

Body -wall. — The glistening appearance of Sipuncvlus is 
due to the cuticle, a chitinoid layer which is secreted by the ex- 
ternal layer of cells, tho epidermis. Beneath this lies a layer of 
connective tissue, which is not always present in other Gephyrea ; 
within this lies a layer of circular muscles arranged in bundles, 
then comes a very thin sheath of oblique muscular fibres, then 
a thicker layer of longitudinal muscles, and finally a layer of 
peritoneal epithelial cells, which in Sipunculus are for the most 
part ciliated. 

Scattered over the surface of the body, and opening by nar- 


row tubes which pierce the cuticle, are a number of glandular 
bodies which may be either bi- or inulti-eelluinr. The glandular 
cells are apparently enlarged and modified epidermal cells , they 
are arranged in a cup-shaped manner, with their apices directed 
towards the orifice. They are crowded with granules, which 
are presumably poured out over the cuticle, but the exact 
function of the secretion is entirely unknown. They have a well- 
developed nerve supply. 

Digestive System. — The mouth lies in the centre of the 
fringe, and is not provided with any kind of jaw or biting arma- 
ture 0 ; it leads directly into the thin-walled alimentary canal, the 
first part of which is ciliated The alimentary canal is not 
marked out into definite regions, but passes as a thin-waded 
semi-transparent tube to the posterior end of the body, and then 
turns forward again and opens to the exterior by an anus si u 
uted about an inch below the junction of the introvert with the 
trunk, on the median dorsal line. The descending and aeeemhng 
limbs of the alimentary canal are coded together ... a spiral, 
which may be more or less close in different individuals. The 
whole is supported by numerous fine muscular strands, wh e 
pass from the walls of the intestine to the ■*>■', andbyaspimUe- 
lnuscle which runs from the extreme posterior end of the trunk 
up the' axis of the spiral and terminates in the skm close to 


anus. 


No "lands open into the alimentary canal at any point of its 
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enormously in different 
individuals. The aliment- 
ary canal near the anus 
also bears two tuft -like 
organs, which, however, do 
not open into the intes- 
tine, but probably have 
some function in con- 
nexion with the fluid in 

the body-cavity. 

Along the whole course 
of the alimentary canal 
there runs a ciliated groove, 
into which the food does 
not pass, but the cilia of j 

which probably keep in & 

motion a current of water W 

whose function may be jjli 

respiratory. Wf 

Vascular System. — /-Juw 
On the dorsal surface of ftv 
the anterior end of the Hr* 
alimentary canal lies a /-•$« 
contractile vessel, usually wvr 
termed the heart. It is 
a tube about an inch long, liW 

ending blindly behind, but lgfl 

opening in front into a 
ring - shaped space sur- 
rounding the mouth and 
partially enveloping the 
brain. From this ring-like iffl 
vessel numerous branches fill 
are given off which pass iflj 
into the fringe round the /j|l 
mouth, and probably the |*j|j 
chief function of the heart VStt 
is by its contraction to 
force fluid into this fringe, 
and so to extend it. The heart 
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A similar but shorter tube is found on the ventral surface of the 
anterior end of the alimentary canal in the species in question ; 
it also opens into the ring which surrounds the mouth. 

Respiratory System. — There are no special respii-atory 
organs, and it has long been a matter of dispute where the 
respiration of Gephyrea is carried on. The oxygenation of the 
blood probably takes place to some extent through the walls of 
the oral fringe, but the blood which receives its oxygen at this 
spot is limited in its distribution, and could only supply the 
brain and head. It seems probable that the remaining organs 
are supplied with oxygen by the fluid of the body-cavity, which 
bat lies them on all sides. This might obtain its oxygen from 
the blood in the heart, or more probably, through the thin walls 
of the intestine, from the stream of water which is maintained by 
the ciliated groove described above. Quite recently a form *S. 
mundanus, var. branch iota — has been described 1 with thin-walled 
papillae covering parts of the skin. These papillae are full of 
corpuscles, and are regarded by their discoverer as branchiae. 

Body-Cavity.— The pinkish fluid of the body-cavity contains 
numerous corpuscles, the products of the reproductive organs 
(either ova or spermatozoa), and some curious unicellulai jo^ies 
known as “ urns.” The latter are shaped like a bowl with a 
ciliated rim, and are formed from the budding of certain cells on 
the walls of the dorsal blood-vessel. 2 Their function is unknown, 
but they resemble certain multicellular bodies found in the body- 
cavity of Phascolosoma. The generative cells found in the body- 
cavity are further considered below. The true corpuscles are 
either biconcave round corpuscles coloured with a chemical su - 
stance, the haemerythrin of Krukenl>erg, which apparently play s 
the same r61e as haemoglobin in other animals ; or amoeboid 
corpuscles, which, though mre in Sipunulus, are very numerous 

1U Herrons’ System. — T he nervous system of Siimwihis con- 
sists of a brain or cerebral ganglion, a circumoesophagea^ri g 
surrounding the gullet, and a ventral nerve-cord 1 he bra n is 
ii i ; loljed nervous mass situated on the dorsal surfa 

i Fischer, Abh. Ver. Hamburg , ?d. m 1895, p. 1. 

* Cuenot, Arch. Zuol. exj>. (2) «. 1891, p. 693. 
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nerves arise from it, and pass to the fringe surrounding the 
mouth and to neighbouring parts. At the sides, the °brain 
is continued into two stout nerve-cords which encircle the oeso- 
phagus, and meeting, fuse together in the median ventral line 
to form the ventral nerve-cord (Fig. 211). The latter is of the 
same diameter throughout, and shows no signs of segmentation ; 
it is oval in section, and consists of small ganglion cells heaped 
up on the ventral surface, i.c. next the skin, and of numerous 
fibres situated dorsally. Tim cord gives off many nerves, which 
usually arise in pairs. These pass into the skin, and forming 
lings, run round the body, and give off finer nerves as they go. 

The nerve-cord is supported by numerous strands of muscle 
which pass to it from the skin. These are especially long in the 
region where the introvert joins the trunk, and thus allow free 

play to the nerve-cord when the former is being protruded or 
retracted. 

SipujiciUvs is not well provided with sense-organs, but in an 
animal which lives buried in sand we should not expect to find 
these very highly developed On the introvert there are certain 
patches of epithelium bearing long stout cilia, which have been 
regarded as tactile in function, and there is a tubular infoldin'* 
reacning the brain, which almost certainly has some sensory func- 
tion. Ward 1 has termed this “ the cerebral organ.” It consists 
of a duct lined with ciliated cells, which opens to the exterior in 
the middle dorsal line outside the tentacular fringe. The duct 
leads down to the brain, and expands at its lower end into a 
saucer-shaped space, covering that portion of the brain where 
its substance is continuous with the external epithelium. In 
J hymosoma this cavity is produced into two finger-shaped pro 
cesses, which are sunk into the brain and are lined by cells 
crowded with a dense black pigment. 2 They are probably nidi- 

;:r^ T e r;r 1,ai,s di f T isi,ins ° niy bet " eeu ^ 

y are fouud ’ uIthough ' StWt t 

«re^ni a !^®r t rT, Th . e “ C,et ° ry « “ brown tubes” 

t) pteui ncpkr^a, that > to say, they consist of tubes 

.1 *?. n \ J/,M - Jlnr ™rd, vol. xxi. isoi, n. 143. 

- Wu, >U,y Quart J .»//„, vol. 1S{J0> 

“*■ JokH * “opto* Univ. vol. iv. 1887-00, i. 3S9. 
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with glandular walls which open on the one side to the exterior, 
and on the other by means of a ciliated funnel-shaped opening 
into the body -cavity. In Gephyrea one wall of the tube is 
produced into a long diverticulum or sac which hangs down 
into the body-cavity, and is usually supported by muscle -fibres 
running to the body-wall. The lower end ol the sac is broken 
up into a number of crypts or pits, lined by large glandular cells 
crowded with brown pigment. The pigment-granules are secreted 
into the cavity of the sac, and leave the body through the external 
opening ; they probably consist of the nitrogenous excreta of the 
animal. The upper end of the sac, into which both the external 
and internal orifices open, is usually enlarged, and its walls are 
very muscular. As in so many other animals, the nephridia 
serve as ducts through which the reproductive cells leave the 


body of the parent. 

Reproductive System.— The Gephyrea are bisexual. In 
Sivuncidus the testes and ovaries are found m the same position 
in the two sexes, and are indistinguishable without microscopic 
investigation. They each consist of small ridges situated at the 
lower end of the ventral retractor muscles, just where the latter 
take their origin from the longitudinal muscles of the skm At 
this level the cells which line the body-cavity on the inside ot 
the skin are heaped up, and become modified m the one case into 

=r ■Eisr-ts: “ 

i'Ti ft 

«•«> ■■ * ^ .-tr’ss 

condition, 'membrane armmV them. 

Thir^ve'a well-marked nucleus, and are oval in outline^ 

The mother-cells of the spermatozoa also break m 

sr= 

mXe ti^ "thf-Uva tubes." The exact way in 
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which this is accomplished is not very clear, but the cilia on the 
funnel-shaped internal opening of the tube seem to have some 
power of selecting the generative cells when they come within 
their reach, and of passing them on, whilst they reject the much 
smaller corpuscles of the perivisceral fluid, which are never found 
in the nephridia. 1 Once inside the internal opening, the clusters 
break up and the spermatozoa escape singly into the sea. Here 
they meet with and fertilise the eggs which have escaped from 
the body of the female. 

Development. — Hatschek, 2 who investigated the develop- 
ment of Sipuncvlus nudus at Pantano, an inlet of the sea 
near Messina, states that the 
spawning takes place during the 
night, and ceases about July 
10. The rate of development ° 

depends upon the temperature, 
but the larvae usually free them- 
selves from the egg- membrane 
during the third day. When jeSSI 

hatched the embryos lengthen </ 

out a good deal, and take the I 

form represented in Fig. 213. « 

The larva swims actively by , 

means of a ring of stout cilia, Wm', '{j 

which encircle the body just <? f 

behind the mouth. Other shorter 

cilia are found on the head, con- wWjyy 

tinuing into the lining of the 
mouth, and a little bunch of 

them is situated at the extreme _ y 


e — * 


i 


DnqfpriAr QT .,l , Fl °* — Larva of SipuncuUis nvdus L. 

postenoi end. The alimentary xi 50 . (After Hatschek.) ^ Mouth ; 

canal is abeady formed, and is ?* auus ; * cxcret °ry organ ; rf, giandu- 

i- ,ar of oesophagus; wall 

WlSted, SO that the anus lies of Stomach over which the retractor 

dorsal ly, but not SO far for- muscle runs ; j\ iuvaginated sense- 

ward as it does in the adult. A ^ aboral polc ‘ 

f 8tn ' cture “I* 1 ' 5 “‘0 the mouth, and another body of 
unknown function is connected with fh, i , 

disappear during larval life T oesophagus ; both these 
1 1 ° val llle * A of excretory tubules, the 

‘ C °° n ' *?%['*?,*'**" "»'”• *»'• i»- 1881-87, p. 851. 

Arb. Insltt. JVtcn, Bd. v. 1884, ir. 61. 


x 150 . (After Hatschek.) Mouth ; 
b, anus ; c* excretory organ ; rf, glandu- 
lar appendage of oesophagus ; wall 
of stomach over which the retractor 
muscle runs ; j\ iuvaginated sense- 
organ at aboral pole. 
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forerunners of the brown tubes, are found, and the chief muscle 
tracts are already established. The nervous system is still in 
close connexion with the skin, from the outer part of which it 
is derived ; the cerebral thickening bears two eye-spots. 

The fluid of the body-cavity contains corpuscles, which are 
kept in active circulation by the constant contractions of the 
body-wall, and by numerous tufts of cilia which are borne on 
the inner surface of the skin. The dorsal blood-vessel is one of 
the latest organs to arise. 

The larva swims actively about for a month, during which 
time it increases greatly in size ; it then undergoes a somewhat 
sudden metamorphosis. The ciliated ring and the structures 
related to the oesophagus begin to disappear, the distinction 
between the head and the rest of the body is obliterated, and the 
head becomes relatively small. The mouth changes its position, 
and becomes terminal instead of being somewhat ventral, and 
the tentacular membrane begins to appear. At the same time 
the larva relinquishes its free-swimming life, and sinks to the 
bottom ; it begins creeping amongst the sand by protruding and 
retracting the anterior part of its body, and takes on all the 
characters and habits of the adult. 


. I Order Sipunculoidea. 

m Csi 


Besides the genMs Sipunculvs, the Order Sipunculoidea includes 
ten other genera. A key to these, taken for the most part from 

Selenka’s admirable monograph, is given on page >4-4. 

Phascolosoma contains, in comparison with Sipuncvlvs, only 
small species, and it is easily distinguished by the fact that the 
longitudinal muscles are fused into a continuous sheath As a 
rule the skin is smooth. A few species bear hooks, which aie 
generally scattered irregularly and not arranged in transverse 
rows, as in Phymosovia (Fig. 214) and most of the other genera. 

The fold which in S. nudus surrounds the mouth may be 
in the same species bent in so as to take the form of a double 
horse-shoe, the opening of which is always dorsal just above the 
brain • in this case the mouth is crescentiform. In other genera 
the fold is broken up into discrete tentacles, and these are ^ vari- 
ously arranged; in Dendrostoma they are grouped together in 
fou/or six bundles round the mouth, but the more usual arrange- 
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ment is the horse- shoe -like row of tentacles which overhang 

© 

the crescentiform mouth, as in Phymosoma and some species of 
Aspidosiph on. 

The ventral side of each tentacle is grooved and ciliated, and 
the grooves are continued into the ciliated mouth. Their dorsal 
surface is pigmented, and in the hollow 
of the horse-shoe lies a deeply pig- 
mented epithelium covering the brain. 

A blood - vessel courses up each 
tentacle, and usually two channels 
return the blood to the vascular rin^ 

O 

whicli surrounds the mouth. In those 
forms which possess tentacles on the 
dorsal side of the mouth only, the 
ventral part of the vascular ring lies 
in the lower lip, which is tumid and 
swollen. The brain supplies a nerve 
to each tentacle. 

When the introvert is retracted 
the tentacular ring is withdrawn and 
to some extent collapsed ; in this con- 
dition it would be almost touching 
the rough external surface of the 
introvert. In some species of Phymo- 
soma the delicate appendages of the 
head are guarded from the hooks on 
the introvert by a thin membrane or 
collar , 1 which completely ensheaths 
the retracted head. 

When the introvert is fully ex- 9t .^. 
tended the dorsal blood-vessel con- ^ PAy ~ a 

tracts and sends its blood forward 
into the vascular ring, and thence 
into the tentacles or tentacular fold, 
which are thus erected. In several 
species of Sijmnculus, as S. nvdus, S. norvegicus, S. r obits tus, S. 
esse there is a ventral blind tube as well as a dorsal, into 
w ic t le blood is withdrawn when the head is retracted. In 
many ot ier species in various genera, such as Phymosoma 

1 Shipley, Quart. J. 2fi C r. Set. vol. xxxii. 1891, p. 111. 



gran ir- 
idium F. S. Leuck. x 2. B, 
Head of the same. x 4. «, 

Pigmented pit leading to brain. 
The crescentiform month on 
the lower side of the figure is 
overhung by the tentacles. 
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weldonii and Ph. asser, Dendrostoma signifer, S. vastus, the lumen 
of the dorsal vessel is increased by numerous hollow blind pro- 
cesses which it bears, hanging freely into the body -cavity. 
Three very small genera of Sipunculids — Onchnesoma, Petalo- 
stoma, and Tylosoma — are devoid of all trace of vascular system 
and of tentacles ; the mouth opens in the centre of the anterior 
end of the introvert. In Onchnesoma the dorsal part of the lip 


is somewhat produced, so that the head has somewhat the shape 
of a Doge’s cap, and in Petalostoma there are two leaf-like pro- 
cesses of the body-wall which guard the mouth. 

The extent to which the intestine is coiled varies very much 
even in the same species ; the axis of the coil is often supported 
by a spindle-muscle, but this is sometimes absent. The caecum, 
which opens into the rectum of S. nudus, is again a very variable 
structure, and when it is present varies remarkably in size. 

The food of Sipunculids seems to consist almost entirely of 
sand, and their only nourishment must be such small microscopic 
organisms or particles of animal and vegetable debris as are to be 
found mixed with the sand. The alimentary canal is, as a 


rule, quite full of sand, and yet in spite of the tenuity of its 
walls they never seem to be ruptured. If the contents of the 
digestive tube be washed out with a pipette, it will be found 
that it requires considerable force to dislodge many of the 
sand-particles lying next the wall. These are more or less 
embedded in crypts or pockets of the wall, and as the sand 
passes along the intestine they probably serve as more or less 
fixed hard points, against which the sharp edges of the sand 
particles are worn off. Amongst the sand are usua ly to be 
found pieces of shell, sometimes with a diameter equal to that 
of tho alimentary canal ; these are nsually rounded but their 
angles may have been removed by attrition before they entered 

the mouth of the Sipunculid. i . 

In S. tesselatus the sand is to some extent held together by a 

mucous deposit ; in those cases where there is no sand in the 
intestine, there is always a coagulum of mucus, and the walls 
are contracted and thick; when full of sand w aUs aw 

tensely stretched and very thin. This thinness of the wall of 
the alimentary canal seems ill-adapted to a diet of sand, nevei- 
theless it is also met with in other great sand-eating groups ot 
animals, such as the Echinids and the Holothunans. 
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The enormous amount of sand and mud which passes through 
the bodies of the Sipunculids shows that they must take a con- 
siderable part in modifying the mineral substances which form 
the bottom of the sea. Just as earthworms, as shown by Darwin, 
play a considerable role in the formation of soil, so must these 
animals, in conjunction with Echinids and Holotliurians, effect 
considerable modifications in the sand and mud which pass 
through their bodies. Mr. J. Y. Buchanan 1 is “ led to believe 
that the principal agent in the comminution of the mineral 
matter found at the bottom of both deep and shallow seas and 
oceans, is the ground fauna of the sea, which depends for its 
subsistence on the organic matter which it can extract from the 
mud.” The minerals at the bottom of the sea are exposed to a 
reducing process in passing through the bodies of the animals 
which eat them, and subsequently to an oxidising process due 
to the oxygen dissolved in the sea-water acting on the minerals 
extruded from the animals’ bodies. 

The rate at which the sand passes through the body of 
Sipuncxdus is unfortunately unknown, but that at any one 
moment a considerable quantity is contained in the intestine is 
shown by the fact that the average weight of five specimens of 
S. niidus from Naples, taken at random, was 19 0 8 grms., whilst 
the average weight of sand washed out of their alimentary canal 
was 10'03 grms. The sand contained in five other specimens 
of the same species measured respectively 6 c.c., 7 c.c., 6 5 c.e., 
7*5 c.c., and 7'5 c.c., giving an average of 6'9 c.c. for each 
individual. 

Onchnesoma and Tylosoma have only one retractor muscle ; 
Aspidosiphon and Phascolion have, as a rule, two ; Phymosoma 
and Sipunculus have four, and perhaps this is the more usual 
number. 

Phascolion, Tylosoma, and Onchnesoma have but one “ brown 
tube”; in Phascolion this is the right, in Onchnesoma it is 
sometimes the right and sometimes the left that persists. Most 
other genera retain two, but there are many exceptions ; for 
instance, Phascolosoma squamalum has but one, and so has 
Aspidosiphon tortus, and in both cases it is that of the left 
side. No Sipunculid has more than two. It has been pointed 
out by Selenka that those species which have but one brown 

1 Proc. Roy. Soc. Biin. xviii. 18B2, p. 17. 
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tulie are, as a rule, inhabitants of tubes or shells, ancl do not 
move actively about in the sand. 

The eggs of all members of the family, with the exception of 
the genus Phymosoma, are spherical, but those of the last-named 
genus are elliptical. They are always surrounded by a thick 
membrane, the “ zona radiata,” pierced by numerous pores. 

Aspidosijylion (Fig. 215) is easily recognised by the presence 
of two symmetrically-arranged cuticular shields, one at each end 
of the trunk. These are formed by the fusion of minute cuti- 
cular plates, such as exist in the skin of most Sipunculids. The 

posterior shield is radially symmetrical, but the 
anterior is somewhat like the shell of a Pecten, 
and symmetrical only about one plane. The 
introvert is protruded from the acute angle 
of the anterior shield, and when extended lies 
almost at right angles to the trunk, instead of 
being, as is usually the case, in the same 
Straight line with it. In many specimens, and 
these seem as a rule to be the older ones, a 
deposit of calcium carbonate takes place over 
these shields, covering over and concealing their 
external markings. 

Cloeosiphon ( PehinosipJton ) has a calcareous 
ring, consisting of four or five rows of lozenge- 
riG siV,on~ tlun^us shaped calcareous bodies forming a close mosaic, 
Kef. x 2 . a, hi- arranged round the base of the introvert, which 
52* Z«Z y t when extended is in the same straight line as 
sufficiently toahow the trunk. Each piece bears a brown spot, 
the bead. which is said to be the pore of a gland (Fig. 

217). Goljingin Lankester, has a cylindrical horny thickening at 
the anterior end of the trunk aud another at the posterior. 



Key to the Genera of Sipunculoidea. 1 

I. The longitudinal muscles in the body-wall divided into 17-41 distinct 
bundles. Four retractor muscles. 

A. Body covered with papillae. Numerous filiform tentacles which 
seldom (or never 1) surround the mouth, but stand above and 
dorsal to it in a horse-shoe, with the opening dorsal. !No rectal 

1 Sclenka, Die fSijmneulidai. Scraper's Hewn ivi Archipel d. Phillipinen, voL 
iv. 1883. 
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caecum. Hooks usually present. Four retractors (in PA. Itupellii 
only two?). Heart almost always without caeca. Eye-spots 
always present Eggs oval, flat, reddish. Almost entirely small 
tropical species . . • .1. Phymosoma. 

B. Body devoid of papillae. Tentacular membrane surrounds the 
mouth in a circlet. Rectum with one or more caeca (except S. 
cdulis ?). Hooks absent except in & australis. Eggs spherical. 
The tentacular membrane contains a vascular network. A ventral 
contractile vessel usually present in addition to the heart. Mostly 
large forms. Found in all seas . • 2. Sipuncllus 

II. The longitudinal muscles in the body-wall form a continuous shcatb, 

and are not split up into bundles. 

A. Two brown tubes. Numerous tentacles form a wreath round 

the mouth. Alimentary canal forms a complete spiral, free 
behind except in Ph . Hanseni. Spindle-muscle usually present. 
One or more ligaments present, but only on the anterior convolu- 
tions of the intestine. Adhesive papillae always absent Hooks 
very frequently absent. Eggs spherical. Found in all seas. 

3. Phascolosoma 

B. Two free brown tubes. Only four or six plumed tentacles. 

A complete intestinal spiral, not attached behind. Spindle- 
muscle always present. One or more ligaments present, but only 
on the anterior convolutions of the intestine. Hooks are present, 
but sometimes fall ofT early in life. Heart usually bears caeca. 
Found only in the tropics. . . .4. Dkndrostoma 

C. Only one brown tube, that of the right side, present ; it is 

attached to the body-wall throughout its entire length. Numer- 
ous tentacles form a circle round the mouth. The alimentary 
canal forms no spiral, or an incomplete one. No spindle-muscle, 
but the intestine is attached to the body-wall throughout its 
length by numerous ligaments. Adhesive papillae often present. 
Not more than two retractors. Spherical egga Inhabits Mollusc 
shells or tubes. Found in all seas . - 5. Phascolion 

III. At both ends of the trunk a distinct horny shield, or tube-like cornifica- 

tion, or a calcareous ring at the anterior end of the trunk. Hooks 
sometimes present Longitudinal muscles continuous or split up 
into bundles. 

A. A shield at both ends of the trunk. Introvert excentric, arising 

from the ventral side of the anterior shield. Tentacles small 
and few in number, arranged in a horse-shoe above the mouth. 
A spindle- muscle, which arises from the posterior end of the 
body, traverses the intestinal coil. Two retractors only, these 
are the ventral ; they are frequently fused together from their 
point of origin. ... 6. AsriDOsiPHON 

B. A calcareous ring surrounds the anterior end of the trunk, from 

the middle of which the introvert is extruded. Longitudinal 
muscles continuous. Hooks bifid. Tropical. 7. Clokosiphox 
0. A corneous ring, from which the introvert issues, surrounds the 
anterior end of the trunk, and the posterior end of the trunk is 
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produced into a corneous spike. Six pinnate tentacles encircle 
the mouth. Four retractors. Hooks present on the introvert. 
Longitudinal muscles continuous. Intestine not coiled through- 
out in a spiral nor fastened posteriorly. Spindle muscle present. 

8. Golfingia 

IV. No tentacles, but two leaf-like extensions of the body-wall guard the 

mouth. Four retractors. Few intestinal loops, quite free. No 
vascular system. . . . .9. Petalostoma 

V. No tentacles, no vascular system. One retractor, and one segmental 

organ. 

A. Introvert long. Body small, pear-shaped. . 10. Onchnesoma 

B. No introvert ( ? ). Body cylindrical, thickly covered with papillae, 

which are larger and more crowded at both ends of the trunk. 

11. Tylosoma 

Species of Sipunculoidea. — The genus Phymosoma (Fig. 214) 
contains more species than any other genus of Sipunculoidea, and 
they are all of fair size. Twenty-seven species are known, of 
which seventeen occur in the Malay Archipelago, thirteen being 
found there alone. Phymosoma affects shallow water, the deepest 
specimens being taken at a depth of about 50 fathoms; this 
may be due to the fact that they flourish only in comparatively 
warm water. With very few exceptions, they are found only in 
tropical seas, very often living in tubular excavations made in 
soft coral rock. 

The genus Sipunculus contains sixteen species. They are the 
largest and the most conspicuous members of the group. They 
have a very wide distribution, some species, as S. nudus (Fig. 
212) and S. australis, being almost cosmopolitan. They are 
most common in temperate and tropical seas, but S. norvegicus 
and S. priapuloid.es are found far north, but always at consider- 
able depths, 100 to 200 fathoms. 

The following account of the habits of Sipunculus gouldii is 

taken from Mr. Andrews’ 1 paper on that species : — 

“ This Sipunculus is very abundant in certain small areas of 
compact, fine sand darkened by organic matter and not laid bare 
at ordinary low tide. In such places, only a few square metres m 
extent, they pierce the sand in all directions to a depth of more 
than half a metre, making burrows with persistent lumen run- 
ning from the surface downward and then laterally, but with 
no regularity in direction. 

“ Kept in aquaria, the dependence of the animal upon tlie 
1 Stutl. Johns Honkins Univ . vol. iv. 1887-90. n. 389. 
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nature of the sand and its method of locomotion may be readily 
observed. A vigorous individual buries itself in a few moments 
in the following manner : Ilunning out the introvert to nearly 
its full extent, and applying it to the surface of the sand till 
some spot of less resistance is found, the animal still further 
expands the introvert so that it penetrates the sand, provided 
tins is not too dense and firm, for then the body is merely 
shoved backward. When the introvert is inserted, the con- 
traction of the longitudinal muscles of the body-wall brings 
the whole body forward somewhat, in case the introvert is fixed 
in the sand. In case soft ooze was present, this fixation did 
not take place, and the introvert was merely pulled out again, 
but when the sand was of the right consistency the introvert 
was fixed by becoming much swollen at the tip, and then con- 
stricted just posterior to this swollen area. This bulb-like area 
exerts lateral pressure on the sand, as could be seen by move- 
ments of the grains. The swelling of the anterior end of the 
introvert is brought about by the body-wall contracting else- 
where, and forcing in liquid to distend that end. Owing to the 
curved form assumed by the body in the normal contracted state 
when first removed from its burrow, the entrance of the introvert 
may often be nearly vertical, and hence the entire body is soon 
raised nearly upright in the water above the sand. If the body 
has thus been warped forward sufficiently to become somewhat 
fixed in the sand, the introvert is rolled in and again thrust 
forward from this new point of resistance, and so on till the 
animal is entirely buried. This locomotion increases in speed 
as the creature becomes more completely surrounded by sand, 
and is the only means of moving from place to place. 

“On a smooth surface, or on one not presenting the right 
degree of resistance, the Sipunculus does not change its position, 
but remains till death finally occurs, rolling its introvert in and 
out and contracting its body-wall to no purpose. 

“ The essential factors in the mechanism bringing about this 
hydrostatic locomotion are an elongated contractile sac filled with 
liquid, and some means of definitely co-ordinating the contrac- 
tions of the sac. 

In natural environment the animals are found with some- 
times one, sometimes the other end nearer the surface of the 
sand : in the aquaria the same was observed, but when the 
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water became stagnant and impure the anterior end with ex- 
panded branchiae was often protruded somewhat above the surface 
of the sand.” 

The genus Phase olosoma contains at least twenty-five species, 
for the most part small. Pli. margaritaceum, however, measures 1 
10 cm. in length, and Ph. flagrifennn, 13 cm. The latter is 
produced at the hinder end of its trunk into a long whip-like 
process, which recalls the horny spike of Go/Jingia. Most species 
live free, but a few inhabit the shells of dead Gasteropods or of 


Flo. 216. — Specimens ol the Coral I/e/ervpsammia cochlea, with .U/MtlwijMuu ' '*7 ' ' 

mia nun or .1. niche! ini living iu a state of commensalism with them. (From 13ou .) 

Mental ium, or the abandoned tubes of worms. They occur in 

practically all seas. . , 

J)r ndrostowa contains but five species, which are all found 

within the tropics in the Pacific or in the West Atlantic. They 
are shallow- water forms, and some are found between tide-marks. 

Ph in >r uI ion is a smaller genus, containing but ten species, w ic 1 
may have been derived independently from different species of 
Phascolosoma, and in this case the genus should be broken up. 
The members of this genus live in Mollusc shells such as 
Dental-nun, Turritelht, Buccinum, Che nop ns (Aporrhms), A asset, 
Slrnmhus, and generally acquire the coiled shape of their ios . 
They are usually attached to the shell by means of certain 

1 Sell-Ilka, challenger Reports, vol. xiii. 1885. 
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adhesive papillae found on their posterior end. Ph. stromln 
fills its shell with mud, which must be kept together by some 
secretion of the animal. The body lies in a tube in this mud, 
and the introvert projects from the small round opening at the 
end of the tube, and explores the ground in every direction. They 
are found in all seas, but more especially in the colder waters. 

The genus Aspidosiphon includes nineteen species, which are, 
with few exceptions, exclusively confined to the Indian Ocean 
and neighbouring seas, including the Red Sea. The exceptions 
are A. armatus from the Norwegian coast, and A. miillrri from 
the Mediterranean and Adriatic. A. trunentus is also stated to 
occur at Panama, the Bahamas, and at Mauritius. The remain- 
ing species almost all occur in the 
Malay Archipelago and neighbouring 
islands, and as was the case with 
Phymosuma, this part of the world 
seems to be the headquarters of the 
genus. A. miiUeri lives in the inter- 
stices of rocks and stones, and occa- 
sionally in disused Mollusc shells. 

Two species of Aspidosiphon have 
been described by Bouvier 1 living in 
a state of commensalism with two 
species of Madreporarian corals ,Steplia- 
noceris roussenui and Heteropsammia 
cochlea, which live on and surrounding 
the shells of certain Molluscs at Aden 
(Fig. 21G). Apparently the Gephyrean 
takes \ip its abode within its house 
at a tender age, and according to Bou- 
vier, it provides for its increasing bulk 
by secreting a coiled calcareous tube, 
the outer surface of which affords F, °n 21 ospenjilhn,, 

~ yualr. x£. o, Introvert covered 

Space tor the growth Of the coral. with spines ami partially ex- 

The genus Clocosiphon, the Pchino- Wlcd ’ l,ut ** ot 8MfticitMt,y to 
siphon of Sluiter, includes three 
species: C. aspergillum (Fig. 21V), C. 

7“ C : i avanicu ™~ The first named occurs at Mauritius, 
e ay leliipelago, and neighbouring islands; the others are 

1 Ann . Set. not. (7) vo], xx. 1S95, p. 1. 



sliow the head ; b % calcarvon* 
phi tea surrounding the point of 
origin of tho introvert- 
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confined to the last-named area, which thus again forms the head- 
quarters of a genus. 

Golfingia, described by Lankester from a single specimen, was 
dredged in St. Andrews Bay, at the depth of 10 fathoms. 

Petalostoma comprises but one species, P. minutum, which is 
found in the English Channel. 

Onchnesoma comprises two species, 0. stccnstrupii and 0. 
sorsii, both found off the coast of Norway at considerable depths 
between 200 and 300 fathoms. 

Tylosoma comprises one species, T. liitkenii, also from the 
Norwegian coast. It is dredged from stony ground in 50 to 80 
fathoms. 


II. Order Priapnloidea. 

Anatomy. — This Order consists of the two genera Priapu! ns 
and Halicryptus. Both are cylindrical animals with the mouth 
at one end and the anus at the other. The introvert is short, 
and is covered with rows of cliitinous spines, which are con- 
tinued to some extent over the body. 

The skin is folded in a series of rings, and the body is usually 
somewhat swollen posteriorly. P. caudatzcs bears a curious caudal 
appendage, beset with a number of hollow lobes somewhat grape- 
like in appearance. This is situated ventral to the anus; its 
lumen is continuous with that of the body-cavity, but it can be 
separated from it by the action of a sphincter muscle. Two such 

appendages exist in P. bicaudatus. 

There cannot be said to be any head in the Priapuloidea ; they 
have no tentacles or tentacular fringe, no proboscis, and no 
distinct brain ; simply a round aperture, the mouth, which is 
surrounded by a groove in the skin, at the bottom of which 
the circumoesophageal nerve-cord lies. The mouth leads into a 
very muscular pharynx lined with stout cliitinous teeth ; this 
passes into an intestine, which is as a rule straight, but in P. 

qlandifer it has a single loop. 

The Priapuloidea possess no vascular system and no bio 
tubes. Their skin has in the main the same structure as that of 
the Sipunculids, with spines, glandular bodies, and papillae with 
sensory hairs which resemble similar structures on Phymosona 
7ariZ. Retractor muscles arise from the longitudmal muscles 


PRIAFULOIDEA 


431 


xv 

of the skin, and are inserted into the pharynx ; they are short and 
not constant in number. 

The nervous system has retained throughout its primitive 
connexion with the epidermis. In almost all animals the 
nervous system is formed from the epiblast 
or outermost cellular layer of the embryo ; 
it usually, however, breaks away from this 
and sinks into the body. Thus in 
culus it lies within the body-cavity, and 
has retained its primitive connexion with 
the outer layers of the skin only in the 
region of the brain ; but in the Priapidids 
the nervous system, which consists of a ring 
round the mouth and of a ventral cord, 
lies embedded in the skin, and the nerve 
cells are directly continuous with the cells 
of the epidermis. The nerve-ring lies at 
the base of a groove in the skin, which 
forms a kind of gutter round the mouth ; 
the ventral uerve-cord is visible exteriorly 
as a light line which marks the ventral 
surface of the animal. In no place is the 

, , . . , . , Fig. 21S. — Priapvhts can- 

rmg or cord differentiated in any way, and ciat,<s 1 m». Nat. six*, 
there cannot be said to lie any brain or * MoutU surr ° ul “led *>y 

• i J spines. 

special sense-organa Numerous nerves are 

given off from the ring to the pharynx and intestine, and from 
the cord to the body-wall. 

The sexes are distinct, but they differ from the other Gephyrea 
in the nature of their reproductive organs. I11 mature specimens 
the ovaries or testes are easily recognisable, lying to the right 
and left ot the alimentary canaL The reproductive glands are 
continuous with ducts, which act as oviducts and vusa deferentia 
respectively. Both glands and ducts are attached to the body- 
wall by a mesentery. 

1 lie excretory function is performed in the Priapuloidea by the 
ducts of the generative organs. These are primarily connected 
with a number of branching canals of small size which project 
into the body-cavity. According to Seliauiuslund , 1 one or more 
pear-shaped cells are found at the end of each branch, and each is 

1 Zool. Anx. ix. 1886, 674. 
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continued into a long cilium which hangs down into the lumen 
of the canal, and by its movement produces a flickering motion. 
Beyond the free end of the large cilium the canal is lined with 
ciliated cells. The remarkable resemblance this form of excretory 
organ presents to that of the Platyhelmiuthes (vide p. 25) and 
of certain Chaetopods is worthy of attention. In the young 
Priapuloidea the duct with its branching canals is not masked 
by the generative organs, but as the animals become mature, 
diverticula from the duct arise, and the cells covering these become 
modified into ova in the female, and into spermatozoa in the 
male. The presence of these follicles masks the excretory part 
of the gland. The ova and spermatozoa escape through the 
ciliated ducts which open to the exterior one on each side of the 
anus, and, contrary to what is the case with other Gephyrea, 
leave the body without having ever been in the body-cavity. 

Nothing is known of the embryology of either member of this 
family, but both genera appear to be sexually mature from the 

end of May until October. . . 

Classification.— The two genera which make up the Ordei 

Priapuloidea are characterised as follows: 

Prinpvlus .— The body is continued into one or two caudal 

appendages, beset with hollow papillae ; these are ventral to the 
anus. The introvert forms ± to * of the total Wy-'enytb it 
is covered with spines in conspicuous longitudinal rows, the re 
of the body being ringed. The retractor muscles are numerous, 
aid are attached to the body-wall, some anteriorly and some 

P° S The genus includes the foUowing five species 
f. earning Lam. (Fig. »■> ** Coasts of Greenland, Norway, Great Britain, 
the North Sea, oncl the Baltic. 

P. ylujidifer Eh 1 era and Baltic, from ten fathoms. 

r„ra"- BaiS Falkland Wanda 

Halicn/vtus. — No caudal appendages. Introvert Vo to tV ** 
tnt ..i*body length, with numerous spines arranged in close 
trS numerous and all attached to the body-wall 

anteriorly. 

„ V. Sieb. (Fig s . 9> U North Sea, Arctic Ocean, and Baltic, 

iii from two to fifty fathoms. 
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It will be noticed that with the exception of P tuberculato- 
spinosus, described by Baird from a single specimen, the whole 
family is confined to northern seas. 

Habits. — The newly-captured specimens of both P. caudatus 
and H. sjnmdosns are of a fiesli colour, with a somewhat metallic 
sheen. According to Apel, the latter lived 
in an aquarium for more than five months, 
whilst the former died dming the first 
month. When first introduced into the 
aquarium they immediately began to busy 
themselves in the mud or sand at its 
bottom, and very seldom showed themselves 
above it. They forced their way into the 
sand by alternately contracting and extend- 
ing their introvert, and the Priapulus 
arranged itself so that a portion, often a 
very small one, of its caudal appendage was 
exposed to the water ; this fact supports the 
view that the appendage is respiratory in 
function. When the animal buries itself 
deeply, the appendage does not relinquish its 
position at the surface of the sand, but 
stretches itself until it in some cases sur- 
passes the length of the body. On the other 
hand, Kalicryptu, (Fig. 219), according to " e ’ 

the same observer, lies with the anterior Dark liue indicating 
end the mouth, projecting from the surface 

oi tne sand, or else it curves itself, so that mouth surrounded by 
both ends project into the water. sl ’ iues - 

woi*f kenl 7'. ' V u°u described ^mens of 1 \ cnvdatm which 
were found by fishermen searcl.ing for worms for bait in the 

outer harbour at Scarborough at half tide, states that they live 

'theTutes 7 “ U ; Sha !’ e<1 tHbeS ’ Ht a de P th of »l>°ut 9 inches 
the tubes opening at each end on to the surface of the sand. The 

fishermen of this district cali them « sea mnslnnomu” 

JMcc-yjjtus casts its cuticle in May and September ■ it 

and* "the 1” “ 
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tance the lining of the mouth, the anus, and the two generative 
pores. 



Order Echiuroidea. 


Anatomy. — The most striking peculiarity of the Echiuroidea, 
as opposed to the other two families of the Gephyrea, is the 
presence of a solid dorsal outgrowth of a portion of the head, 
forming the proboscis. The nature of this proboscis is something 

quite different from that 
of the introvert of the 
Sipunculoidea ; it would 
appear to correspond to 
an extension, in the mem- 
bers of the last-named 
Order, of that part of the 
head which is dorsal to 
the mouth and is covered 
by a peculiar pigment- 
epithelium, often in con- 
tinuity with the brain. 
In its outgrowth this 
portion of the body has 
carried with it the nerve- 
ring and the vascular 
ring, which botli sur- 
round the mouth. The 
proboscis is found in all 
the genera with the ex- 
ception of the aberrant 
geuus Saccosoma. 

via 220 -A, Bondlia viridis BoL. 9 ; B, B.fuli- The body of the 
ffivnsa. Both nat. size, a Grooved i>roW.s , Boncllia viridlS, 

b > n ‘ outl1 ; * veutral h ° 0kS ’ * a, ‘ one of the best known 

• a r»f TVhiurids is shaped like a small sausage, and is usually 
TT 2 iIt e long The proboscis arises from the anterior 

•if “ in ” ,r.,“ *“ 

whole ventral Bx.rf ^ ^ L . 011V erted into a tube. At 

;r”u of t proboscis the groove opens into the mouth. 
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JSchiurus, Thalassema, and the female Hamingia have short pro- 
boscides, which do not bifurcate but otherwise resemble those 
of the female Banellia. 

The green colour of B. viridis is due to a special pig- 



Fia. 221.— View of a 
female Bonellia 
virulis RoL, opened 
along the left side, 
x 2. a. Proboscis 
cut short ; 6, a bristle 
passed through the 
mouth into the pha- 
O' 11 * ; Cy convoluted 
intestine; c/, analtufts 
or vesicles e, veutral 
nerve-cord ; /, ovary 
borne on ventral 
vessel running 
parallel with t ; g % 
position of anus ; A* 
points to position of 
external opening of 
nephridiutn ; i, neph- 
ridiinn. This line is 
on a level with the 
internal funnel- 
shaped opening. 


^ n r°,”a S e Tl;; 


th/Ltr i!fr b ?j nd the “ OUth ' °“ the central surface, 

bear two incurved t ° t- ^ 86X68 Thdatsenia aud Be Mur us 
bear two incurved stout chitinous hooks ; these gave the name 


# 
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Gephyrea Armata to the above-mentioned genera. In addition 
to these, Echiurus has a row of chitinous bristles surrounding 
the posterior end of the body ; the row is single in E. unicinctus, 
double in E. 2^al/((sii. These bristles are formed, like the hooks 
on the introvert of the Sipunculoidea, by epidermal cells; those 
of B. minor and of the posterior rings in Echiurus are said to 
arise each from a single cell, just as the bristles do in Chaetopods. 

The skin consists of very much the same layers as does that 
of Sip unc ulius ; the cuticle is thin, the epidermis is modified into 
numerous glandular cells, papillae, and pits, from which the 
bristles arise. A third layer of oblique or circular fibres is 
usually found inside the longitudinal muscle-layer. The proboscis 

is solid, and contains much connective-tissue and numerous muscle- 

fibres running in all directions ; the ventral groove is ciliated. 

The alimentary canal in the Echiuroidea consists of a long 
thin-walled tube with numerous convolutions ; it is not coiled as 
in Sipunculids, but the loops are irregularly arranged and are 
supported by numerous fine muscular strands which lun rtmi ^ e 
skin. There is a ciliated groove running along one side ol the 
intestine, as in the Sipunculids. The anus is terminal, lhe 
most striking peculiarity of the alimentary canal of the Echiuiicls 
is the existence of a collateral intestine or “siphon. I his is a 
narrow tube which arises from the main canal not very ar 
from the mouth, and re-enters it again lower down. A .sum , lar 
structure occurs in some Echinids, and m the Cap.telhfomua 
/ nn 979 305) Its function is not certainly known. 

^Another characteristic feature of the Echiurids is the presence 
of “ anal vesicles," branching structures which unite into, common 
stem opening into the intestine close to the anus The free end 
Of each of the branches terminates in a ciliated funnel-shaped 
opening The function of these structures may lie excretory, or 
they may control the amount of fluid in the body-cavity. 

A closed vascular system exists in Echiurids, consisting of a 
contractile dorsal vessel running along the dorsal surface of the 
anterior end of the alimentary canal, and continued along the axis 
of the proboscis. At the tip of the proboscis it bifurcates, and 
each brancli descends along the edge until it reaches the base where 
bavin" encircled the oesophagus, the two unite, and are continued 
L the ventral vessel which runs along the dorsal surface of the nerve- 
coH and eventually ends blindly. There is also a vessel which 
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passes from the ventral vessel and encircles the intestine, opening 
into tiie posterior end of the dorsal vessel. In Echiurus the 
same vessel encircles a stout muscle which runs from the base of 
one of the ventral bristles to the other. In Tlialassema Laukester 
states that the fluid within the vessels is colourless, and does 
not contain corpuscles similar to those in the body-cavitv fluid. 

The “ brown tubes ” or nephridia vary in number in the 
Echiurids. In the female Bonellia there is but one ; in B. viridis 
the right, in B. minor the left usually persists. In shape, 
colour, contractility, and minute structure they closely resemble 
those of Sijyunculus. Hamingia is said to have a pair of brown 
tubes ; Eclnurus has two pairs, except E. chitcnsis, which has 
three ; their internal openings are produced into long coiled slits 
in some genera. Tlialassema gif/as has one pair; Th. neptuni, 
Th. baronii, Th. formusulum, and Tli. exilii, two; whilst Th. 
vegrande, Th. moebii, Th. enjthrogrammon, Th. caudex, and Th. 
sorbillans have three pairs. 

The nervous system consists of a ventral cord lying in the 
body-cavity, as in the Sipunculoidea, but attached to the skin, 
and of a circuinoesophageal ring. With the growth of the pro- 
boscis this ring is drawn out, and the two branches run along 
the sides of the proboscis and unite at the tip. There is no 
specialisation of brain, nor are any special sense organs present, 
but the ventral cord gives oft' paired nerves at regular intervals, 
which, uniting dorsally, form rings in the skin in some and prob- 
ably in all species. 

The perivisceral fluid is of a dark brown colour in Tlialassema, 
containing numerous spherical corpuscles deeply impregnated, 
according to Laukester, with haemoglobin, and also containing 
granules of a brown pigment. Haemoglobin is also found in 
certain of the muscles and in part of the epithelial lining of the 
body-cavity. Laukester also describes the presence of haemo- 
globin in the corpuscles of the perivisceral fluid in Hamingia. 

The genital glands are, like those of the Sipunculoidea, formed 
by a special development of the cells lining the body-cavity. 
These cells are massed together along the wall of the ventral 
blood-vessel. In Echiurus and in Tlialassema the cells break off 
and float in the body-cavity, developing into ova and spermatozoa. 
In Bunelha each cell does not become an egg, but a mass of cells 
breaks oil, oue of which increases in size at the expense of the 
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others and forms the ovum. The mature sexual cells leave the 
body through the nephridia. 

Bonellia and Hamingia present very interesting cases of 
sexual dimorphism. In both genera the female is an animal of 



Fio. 222.— An adult male Bon- 
dlia viruiis Kol. The original 
was 1 '5 mm. long. The two 
hooks have fallen off an.l 
the nervous system is not 
shown. (After Selenka.) a, 
Generative pore with sper- 
matozoa coming out ; b, an- 
terior blind end of intestine 
attached to the parenchy- 
matous tissue by muscular 
strands; c, green wandering 
cells containing chlorophyll ; 

d , parenchymatous connective- 

tissue ; e, epidermis ; t, intea- 
tine ; vtu deferens ; in- 
ternal opening of vas deferens ; 
VI the left nephridium ; »• 
sjvennatozoa in the body- 
cavity. 


■ , .ruble size with the normal structure of the Echmroidea but 
considerable size wit Planarian-like annual, which 

f hC ma „ tl m niouth and in the nephridia of the female. Both in 

W the male is pro^d with. ^ 

“ - - *■ “ - the ski, ‘ 
l Tliis mav not be true of all species. 
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contains circular and longitudinal muscle-fibres. The body-cavity 
is developed, but does not reach to either end of the body. The 
alimentary canal is closed, neither mouth nor anus existing ; it 
is supported by regularly arranged dorso-ventral muscle strands. 
A nerve-ring and a ventral cord exist. There are also two 
rudimentary organs corresponding with the anal vesicles of the 
female, and a single nephridium which acts as a duct for the 
spermatozoa ; the latter arise from modified cells lining the 
body-cavity. 

In both sexes the larvae develop to a certain stage without 
showing any trace of sexual differentiation, but after this stage, 
the development of the male is to a certain extent arrested ; in 
some respects, indeed, it undergoes retrogressive changes. At 
this time it is found clinging to the proboscis of the female, 
thence it makes its way to the mouth, where it undergoes its 
final change ; and then creeping out, finds its way into the nephri- 
dium of the female, and spends the rest of its life there in 
a special recess cut off by a fold from the excretory part of this 
organ. In Hamingia, however, Lankester, who first described 
the male, did not find any in the nephridia, but found five 
specimens, each -fa inch long, within the dilated pharynx of 
the female. 

Development. — In Boncllia and Hamingia it seems probable 
that the ova are fertilised in the nephridium of the female ; in 
the other genera they are fertilised in the water after leaving the 
body of the mother. 

In Thcdassema and Echiurv s the growth of the embryo results 

in the formation of a typical Trochosphere larva, a type widely 

spread iu the animal kingdom, being found in the Cliaetopoda 

(Fig. 145, A), Polyzoa (p. 510), and Atollusca. The large prae- 

oral lobe persists in the Echiuxoidea as the proboscis ; the mouth 

is ventral in position, with usually a ring of cilia encircling 

the body in front of and behind it ; the onus is posterior and 

terminal A pair of larval excretory organs are present, and a 

special nervous aggregation of cells at the apex of the prae-oral 

lobe is usually indicated by the presence of a bunch of long 
cilia. 

The trunk of the Trochosphere is unsegmented, and in 
certain groups of animals it remains so, but in Chaetopods, and 
in Echiurus and Thalassema, it elongates and becomes divided 



440 


GEPHYREA 


CHAP. 



c 


up into a series of somites or segments. Of these there are 

fifteen in Ecliiurus, and apparently eleven in 

Tli. mellita ; in this stage the Gephyrean 

larvae "Tiave again so close a resemblance to 

the segmenting Chaetopod larvae as to be 

easily mistaken for them. The segmentation 

is shown in the following way : (i.) the 

middle layer of cells or mesohlast is typically 

segmented, and forms septa, which separate 

each segment from its neighbours ; (ii.) the 

ventral nerve - cord arises as segmentally- 

arrauged thickenings of the epiblast, which 

fuse together, but retain their segmented 

appearance for some time ; (iii.) the skin shows 

the segmentation of the body both by the 

arrangement of the pigment and by bands of 

cilia. The latter are replaced in the adult by 

rows of spines, and on the fourteenth and 

fifteenth segments in Echiurvs pallasii by 

the two peri-anal circles of bristles. Each 

Fid. 223 . — Echivrus bristle, like those of Chaetopods, originates from 
paUnsi i Gm*r. x . n 

tt % Mouth at the end U Single cell. . # 

of the grooved pro- The anal vesicles arise quite late in the 

hook, i ,Vr tr °' development ; when they have acquired their 

openings into the body -cavity, they seem 
take in water. In Thalassema, as described by Conn, this 
accompanied by remarkable changes, amounting almost to 
„ metamorphosis. The body increases in bulk fourfold, the 
cilia of the prae-oral ring disappear, and the animal now moves 
only by means of its proboscis ; the pigment is absorbed, and all 
traces of segmentation disappear. A similar intaking of water 
is described by Spengel in Boncllia. In this genus the larva, 
which is coloured bright green, and has two brown eye-spots, is 
not such a typical Trochosphere as is that of Ecliiurus an 

Tkalassemn. . . 

Nothing is known of the development of Hamingia or ol 

Saccosoma. . 

Species of Echiuroidea. — Echiurvs. Proboscis not bifurcated 

at the end. Two ventral hooks and a single or double peri- 
anal ring of bristles. The body is to a varying extent marked 


to 
is 
a 
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by rings bearing spines. Two or three (E. ch ilensis) pairs oi 
nephriclia, their external orifice often lengthened and spirally 
coiled. Both sexes alike. 

Greef 1 mentions six species of Echiurus, viz. E. pallasii, E. 
forcipatus, E. sitchacnsis, E. chilensis, E. carabaicus, and E. 
ch t'ysacanthophorus ; to these must be added E. unicinctus. It 
seems probable that E. forcipatus of lie in hard t is identical 
with E. 'pallasii, although bigger, whilst E. sitchaensis, E. cara- 
baicus, and E. chnjsacanthophorus are inadequately described. 
The distribution of the remaining three species is as follows : — 

E. pallasii Guerin (Fig. 223). North Sea, Atlantic, English Channel. 
E. iiniciitctius Drasche. J ujkui. 

E. chiUnsis Max Muller. Chili. 

Thalassema. — Proboscis rather pointed at the end, not bifur- 
cated. No peri-anal bristles, but two ventral hook-like bristles 
placed anteriorly. One to three or four pairs of nephridia. The 
sexes resemble each other. 

Greef mentions eight species of Thalassema and Rietsch 
thirteen ; three of these, however, Th. grohmanni, Th. lessonii, 
and Th. pelzeinii, were not seen by either author, and then- 
description is taken from Diesing. There is some reason for 
thinking that the two first-named species are identical with Th. 
vcptuni. Conn has established a new species for the specimens 
whose embryology he worked out at Beaufort, Virginia, and 
Selenka described a new species from the Challenger material. 

"With the exception of the three doubtful species mentioned 
above, the list of species of Thalassema is as follows : — 

Th. neptuni Qaertner (Fig. 224). English Channel (Devonshire coast), C 011 - 
carneau, Mediterranean (Gulf of Marseilles), Irish coast (Dungarvan). 
Th. gigas Max Muller. Trieste. 

Th. vegrande Lampert. Philippine Islands. 

Th. baronii Greef. Canary Islands (Lanzarote). 

Th.formosulum Lampert. Shanghai and Philippine Islands. 

Th. exilii Fr. Muller. Brazil (Desterro). 

Th, moebii Greef. Mauritius. 

Th. erytkrogrammon Max Muller. Red Sea and East Indies (Billiton). 

2/i. cuudex Lampert. Red Sea and Indian Ocean. 

Th. sarbillana Lampert. Philippine Islands. 

Th. vullita Conn. West Atlantic (Beaufort). 

Th. faex Selenka. North of the Faroe Islands. 


1 Ada Ac. German, Halle, xli. Part II. No. 1, 1879. 
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Bonellia . — Proboscis very extensible and bifurcated at the end. 
The body and proboscis are coloured a bright green. Two ventral 
hook-like bristles, but no peri-anal ring. A single nephridiiun. 
The above applies to the female ; the males are degenerate, and 
live in the nephridium or pharynx of the female. 

Three (or four ?) species of this genus are known. 

B. virulis Rolando (Fig. 220). Mediterranean, Adriatic, North Sea (Bergen). 
B. minor Marion. Mediterranean (Gulf of Marseilles, Naples). 

B. suhmii Seleuka. Off Nova Scotia. Male not known. 

B. fuliginosa Rolando ? (Fig. 220). Mediterranean (Naples). 

Hamingia — Proboscis not bifurcated, about as long as body. 
No ventral hook-like bristles. One or two nephridia, which 
open at the apex of one or two well-marked papillae. The 
above applies to the female ; as in the genus Bonellia, the male 
is minute and parasitic. It has two well-marked hook -like 
bristles situated behind the genital pore. 

This genus was first described by Koren and Danielssen as 
H. arctica. Two specimens were afterwards described by Horst 
as H. glacial is. Later Lankester described two other specimens; 
he was the first to find the male in the pharynx of the female. 
He is of the opinion that all three descriptions apply to the 
same species, and for this the original name H. arctica must be 
retained. 

Hamingia arctica K. and D. Two hundred inilea north of North Cape and 
in the Hardanger Fjord. 

Saccosoma . — No proboscis. The body is flask-shaped. The 
mouth and anus are terminal. The ovary is anterior, and there 

is only one nephridium. No bristles. 

Our knowledge of this remarkable Gephyrean is very incom- 
plete, but such as it is, it is due to the careful investigations of 
Koren and Danielssen, who had only a single specimen at their 
disposition. 

Saccosoma vitreum K. and D. North of the Faroe Islands. 

Habits of the Echiuroidea. — As a rule the members of this 
group conceal their bodies in clefts and fissures of rocks and 
stones, keeping up communication with the outer world by means 
of their proboscis. Kietsch 1 describes a specimen of Bonellia 
minor, which he placed in an aquarium, exploring with its pro- 

1 Recueil Zool. Suisse, iii. 1886, p. 313. 
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hoscis the nature of the bottom ; when the animal had found 
a convenient crevice, it fixed its proboscis in it by means of 
the bifurcated end, and by its contraction drew the body up, and 
entered the hole, proboscis first. It then turned round, and during 
this operation doubtless the ventral hooks came into play ; and 
then stretching out its proboscis, it began to explore the 
neighbourhood. The proboscis is evidently very sensitive, and 
in addition to being a locomotor organ, it is also used for the 
prehension of food. If cut off near the mouth, the animal does 
not long survive, but if a considerable portion is left the scar 
heals, and the lost part is probably regenerated. In captivity 
the animals frequently change their place of residence. 

Eisig some years ago described the great extensibility of the 
proboscis of B. viridis when confined in the tanks of the Zoo- 
logical Station at Naples. When contracted the proboscis was 
but a few inches long, but at times it was extended till it reached 
the length of metre, shining through the water as a 
transparent green thread. The body of the Bonellia was 
hidden under stones, but the proboscis could be seen seizing 
between its two ends the bodies of certain Ascidians which 
covered the inside of the tank, tearing them oft' the walls, and 
conveying them to the mouth along its grooved ventral surface. 

The food of the Echiuroidea consists of organic matter, in 
the main of animal nature, but the group differs from the 
Sipunculoidea in not eating sand. 

Kietsch describes Thalassema neptuni as being more active in 


its movements and less seden- 
tary than B. minor. The 
proboscis is still the chief 
organ of locomotion, but the 
trunk plays a greater part in 
the movements of the animal 
than it does in the last-named 
species. Th. neptuni is found 
in cavities of stones or in 
the chambers worn out by 
the Mollusc Gastrorhuena ; 
when withdrawn from its 



Flu. 224. — Thala&scina Oacrt x 2. 

A, Thu minimi lying on its ventral surface. 

B. Ventral view of the anterior end, show- 
ing the grooved proboscis ending IhAiuuI 
in the mouth, uud the ventral luniks. 


liouse the hotly is found to be covered by a thick layer of 
tenacious viscid mucus. 
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Th. mellita was so named by Conn because it is found 
sheltering in the Echinid Mellita. “ It enters the shell at 
the oral opening while yet very small, but once within its house 
it grows to its adult size, and is obliged therefore to remain 
during the rest of its life a prisoner.” Each shell thus inhabited 
acquires a reddish brown horse-shoe-shaped marking, which 
affords a conspicuous signal that the shell contains a Thalassema. 

Thalasseina is seldom found living in sand, and Bonellia never, 
but Echiurus is almost always found in U-shaped tubes or 
X>assages in the sand, which it digs out for itself by the rapid 
contractions of its body-wall aided by its bristles. It, like the 
other two genera named above, does not long remain in the same 
hole, but frequently changes its home. As a rule the Echiurus 
sits near the mouth of its tube, which is often a foot or even 
two in depth, and sends out its proboscis in every direction ; at 
the least sign of disturbance it withdraws into the deeper recesses. 
The walls of the tube are kept from falling in by a layer of 
mucus, which makes a smooth lining to the passage. The peri- 
anal bristles, which can be withdrawn or protruded at will, 
enable the animal to fix itself at any level in the tube. 

The Echiuroidea are sometimes used by fishermen as bait. In 
Echiurus pallasii Greef found three parasites, all of them new 
species. One, a Gregarine, he named Conorhynchus gibbosus ; the 
others were Platyhelminthes, and were named by him Distomum 
echiuri and Nemertoscolex parasiticus respectively. 

IV. Order Epithetosomatoidea. 

This Order includes the single Family Epithetosomatidae. which 
was established by Koren and Danielssen to contain the le- 
markable Gephyrean they described in 1881 under the name 

Epithetosouui norvcyicuiu (Fig. 225). 

Unfortunately only two specimens were at their disposition, 
and these were badly preserved, so that many details of their 
structure could not be made out. The animals are of an olive- 
green colour, and consist of a trunk about 12 mm. long, and 
of a proboscis 30 mm. in length; the latter differs essentially 
from the proboscis of the Echiuroidea inasmuch as it is hollow, 
and seems to be a whip-like tubular extension of the skin. 
Its lumen opens into the body-cavity. Ventral to the base 
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of the proboscis is the mouth ; the intestine is straight, 
terminates in the anus, which is posterior. The nervous sy 
lies between the circular and the longitudinal 
muscles of the body-wall, and contains a 
tube, the nature of which is obscure. No 
vascular system is known. The ovary is 
attached to a mesentery ventral to the 
anterior part of the alimentary canal, and 
there is a single nephridium. No anal 
vesicles exist. 

The most remarkable feature of the genus 
is a series of pore-like openings, which are 
stated to lead from the outside into the 
body-cavity (Fig. 225, a). These are 
arranged four on each side, at the bottom 
of two slit-like depressions in the skin, 
which lie one on each side of the base of 
the proboscis, slightly dorsal to it. 

These remarkable structures are with- 
out parallel amongst the Gephyrea, and, 
together with the peculiar character of the 
proboscis, justify the Norwegian naturalists 
in adding a new family to the group. 

Affinities of the Gephyrea. 

Before considering to rvhat other gronps 
of animals the Gephyrea may be alhed, it is 
advisable to discuss the relationship of the 
four Orders which compose the group. 

Quatrefages, in the year 1865, divided 
the Gephyrea into I. Gephyrea Armata, 
with which he included the Echiuroidea 
and Sternaspis } and II. Gephyrea Jnermia 
or Sipuueuloidea. The Gephyrea Iuermia, sometimes called the 
Achaeta, have been extended to include the Jprder Priapuloidea, 
and opposed to the smaller sub-group the Gephyrea Armata or 
Chaetifera. In my opinion, however, these names now are no 
longer in accordance with our knowledge of the structure of the 

1 Vide p. 335. 



magnified, a, «, Right 
and left slits leading to 
the pores ; 6, mouth ; c, 
proboscis : B* the same 
animal opened dors&Uy ; 
ci, pares ; 6, oesophagus; 
e , proboscis ; ct, brown 
tube. (After Jfraniolsseu 
and Koren.) ^ 
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animals they attempt to describe, and they should be given up. 
Both names had reference to the presence or absence of the two 
hook-like bristles described on the ventral surface of some of the 
Echiuroidea, but of the five genera of this family, two, Saccosoma 
and Hamingia (the latter in the female or normal form), are 
without these bristles, and can therefore be described neither as 
Armat.a nor as Chaetiferci. On the other hand, hook-like chitinous 
bristles of somewhat the same nature, though smaller in size and 
varying in position, are very common on the introvert of Sipun- 
culoidea and on the body of the Priapuloidea. 

Again, the association of the two last-named Orders in one 
sub-group is, to my mind, an error. The Priapuloidea have 
little in common with the Sipunculoidea ; almost the only 
real point of resemblance is the power of protruding the 
anterior part of the alimentary canal, and withdrawing it 
by the aid of retractor muscles. But in the Priapuloidea this 
power exists to a very small extent, and it is a power shared by 
very many animals besides the Gephyrea. The terminal anus 
of the former is a feature shared by the Echiuroidea and by 
Epithetosoma, but these have little else in common with the 
Priapuloidea. On the other hand, the entire absence ol any 
head appendages, such as the proboscis of the Echiuroidea and 
the tentacles or tentacular membrane of the Sipunculoidea, the 
absence of a vascular system, of nephridia or anal vesicles, taken 
together with the straight intestine which occurs elsewhere 
only in Epithetosoma, the persistent connexion of the nervous 
system witli the epidermis, the unique character of their excretory 
system and of the reproductive organs, are all features in which 
the Priapuloidea differ from the more normal members of the 
other three Orders. These constitute a list of peculiarities which 
are at least as important, and prolxibly even more important, than 
those which characterise the Sipunculoidea and the Ecliiuroit ea. 
Thus the Priapuloidea should, I think, be regarded as a distinct 
Order, which occupies a very isolated position in the group. 

Until we know something about the development of Ha i- 
cryptus and of Priapulus, it will be difficult to say whether the 
Order is more nearly allied to one or the other of the two gieat 
Orders of Gephyrea, whether it is very primitive or very 
specialised. The connexion of the entire nervous system 
with the epidermis and the absence of a vascular system are both 
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rather primitive features, and so is the Flatyhelminthine character 
of the excretory organs. With regard to the vascular system, 
however, it should be pointed out that it arises very late in the 
larva of those Gephyrea whose development is known, and that 
it does not seem to correspond with the vascular system of other 
animals; it has no fine vessels or capillaries connected with it, 
and apparently does not act so much as the channel of the 
circulatory medium, but more as a mechanism for the expansion 
of the head appendages, the tentacles in the Sipunculoidea and 
the proboscis in the Echiuroidea ; moreover, it is absent in some 
genera of the former, such as Onchnesoma, Tylosoina , and Peta- 
lostoma, where there are no tentacles. 

The conclusion of the whole matter seems to be that the 
Friapuloidea are an isolated Order retaining many primitive 
features, and having no closer affinities to the Sipunculoidea than 
to the Echiuroidea. 

Hatschek came to the conclusion, from his work on the 
development of Echiurus, that the Echiuroidea are true “An- 
nelids,” and from the presence and mode of formation of the 
bristles, that they are related to the Chaetopods. In this view 
he is confirmed by Conn, who worked out the development of 
Thalassema. This relationship is further confirmed by the discovery 
of Sluiter's that Sternaspis, the genus of Chaetopods which in 
other respects most nearly resembles the Gephyrea, has in one 
of its species (S. sjriiiosn) a well-marked bifid proboscis, which, 
like that of the Echiuroidea, is thrown off at the least disturbance. 
Thus it seems fuirly well established that the Echiuroidea are 
closely connected with the Chaetopoda, for although the only traces 
of segmentation they retain in the adult are the serially-repeated 
nephridia of Thalassema and Echiurus palfasii, and the two rows 
of peri-anal bristles in the latter, and possibly the circular nerves 
given off from the ventral cord, yet the larva is fully segmented, 
and in other respects is almost typically Chaetopodan. 

The relationship of the Sipunculoidea to the Echiuroidea is 
a more doubtful point. Hatschek is inclined to separate them, 
and in this he is again supported by Conn. Embryology unfor- 
tunately does not help us much. The early stages and larvae 
of Sipunculus nudus and of Phascolosoma dongatum have been 
investigated by Hatschek and by Selenka respectively. In 
neither genus is there any trace of segmentation or of Annelid 
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features, with the possible exception of the bristles on the larval 
Phascolosoma. On the other hand, it must be remembered that 
the development of Sipunculus is remarkably abbreviated, and 
that such stages may have dropped out, the larvae hardly differing 
more from the Troehosphere of Echiurus and T/udassema than 
does that of Bonellia, an undoubted Echiurid. Still the facts 
that there is never a head-kidney present, that there is no trace 
of segmentation, and that at no stage is the anus terminal, must 
have a certain weight. 

If we leave out of account the larval history, which, although 


pointing to a difference in the nature of the two families, is by 
no means decisive, and consider the adult structures, we find 
very considerable evidences of affinity. Taking firstly the main 
points of difference, we fiiict these to be (i.) the nature of the 
cephalic appendages, either a proboscis or some modification of 
tentacles ; (ii.) the position of the anus ; (iii.) the presence of 
anal vesicles ; (iv.) the number of the nephridia, never more than 
one pair in Sipuuculids ; and (v.) the difference in origin of 
the chaetae. Of these most undoubtedly the first is the most 
important. The Echiuroidea have retained the prae-oral lobe ol 
the larva in the form of a solid outgrowth of the body, which 
outgrowth has carried with it the nerve-ring and vascular ring 
which surround the mouth.. This has been lost in the bipun- 
culoidea, but is, I think, represented by a modified patch of 
epidermis which lies dorsal to the mouth and just above the 
brain. A solid extension of the skin in this legion, w 11c 1 
involved 'the nervous and vascular systems, would bring about 
the same relation of parts as is found in the Echiuroidea 
The tentacular membrane or tentacles of the Sipunculoidea have 

such a variety of form and arrangement, whilst all subserving 

the same end, that I am inclined to believe that they have ong - 

mated within the limits of the family. 

The position of the anus in the Sipunculoidea is one common 

to very many animals' which live embedded in san 01 
tubular holes ; it is probably not primitive as in the ■ 1 “™ 
Sijiimruhis it is near the posterior end, and becomes more dorsal 

'The'aiinl vesidcs of the Echiuroidea probably have no repre- 
sentative in the Sipunculoidea. In appearance and position tin) 
" very like the little tufts which are found on the rectum of 
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Sipuncidus, but since these open neither into the body-cavity nor 
into the alimentary canal, it is hardly fair to compare them. 

The resemblances between the Orders seem to me, on the 
whole, to outweigh the differences. The general structure of 
the skin, the coiled alimentary canal, with its ciliated groove, 
supported by strands of muscles, the vascular system which 
gives off no capillaries, the structure of the brown tubes, the 
existence of chitinous hooks or bristles, the nervous system with 
its single unsegmented ventral cord, the formation of the generative 
organs, all point to a sufficiently close resemblance to justify us 
in classing the two Orders together. In addition to these 
there are considerable histological resemblances which cannot 
be discussed here, but which have a certain weight. 

To sum up, it seems probable that the Echiuroidea are derived 
from the Chaetopoda, and that their nearest ally in this group 
is Slcrjiaspis ; and that the Sipunculoidea are allied to the Echiu- 
roidea, but have further departed from the Annelid stock, and have 
lost even those traces of affinity with the parent group which have 
been preserved in the development of Echiurus and Thalassema. 

So little is known of Epithetosoma that it is difficult to 
discuss its affinities. The presence of the hollow proboscis and 
the pores leading into the body-cavity undoubtedly justify its 
being placed in a separate Order, but beyond the presence of a 
terminal anus, in which it resembles the Echiuroidea, there is 
.nothing in its structure which connects it more nearly with one 
than with the other of the three larger Ordere of Gephyrea. 


List of Gephyrea found in the British Area as defined by 

Canon Norman. 
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Phascolosoma vulgare Blainv. 

elongaium Kef. 
papillosum Thom, 
cremtla Sara 
proctrum Moeb. 
Phascolion strombi Mont. 
Sipuneulus audits L. . 

Golfingia macintoshii Lank. 
PctalosUma minutum Kef. ! 
Priapulus eaudatus Lam. 
Echiurus pallasii Gudrin * 
Thalassema neptuni Gaertner . 
VOL. II 


English Channel and North Sea. 

English Channel. 

English coast. 

North Sea. 

Bass Rock. 

English coast (Plymouth). 

North Sea, English Channel (Paignton, Te 
mouth). 

East coast of Scotland (St Andrews Bay). 
English Channel (Plymouth). 
Scarborough, Outer Hebrides. 

Coast of Scotland, English Channel. 
English Channel (Coast of Devonshire'. 
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HISTORY HABITS STRUCTURE REPRODUCTION LARVA META- 
MORPHOSIS LIST OF SPECIES AND LOCALITIES SYSTEMATIC 

POSITION. 


This interesting genus was discovered and first described by Dr. 
Strethill Wright of Edinburgh, who in the year 1856 found 
specimens of it living on a stone with Caryophyllia sent to him 
from Ilfracombe. He christened the form Phoronis hippocrepia 
the generic name being apparently taken from an epithet app le 
to Io, the specific name having reference to the beautiful horse- 
shoe shape of its tentacular crown. Two years later a closely 
allied or identical form was described by Professor . • van 

Beneden under the name of Crepina gracilis. . . 

P horonis i s a sedentary animal living in “ colonies, u eac 1 
member of the coIony'Ts distinct, and has no organic connexioi 
with the others, from which it is isolated by the presence o a 
. tube in which it lives, and into which it can be comp ete y wi 1 
drawn. The tube is formed from a secretion which probably 
has its origin from the anterior end of the body-wall. 1 
secretion hardens and forms at first a transparent coating, but 
it soon becomes opaque, and numerous sand particles, sma 
pieces of shell, sponge spicules, and other marine objects adhere 
to the outside of the tubes, giving them a very oharaetenst c 
appearance, and doubtless serving to protect the inhabitants 

from predatory animals. . 

. 7 >. Phy,. Soc. Edinb. ™1. i- 1856. P- 1« 6 i “ d f D. 
(».,.) 1856, p. 313 ; Ann. Sci. Nat. «h »r. vol v,. 1859, p. 160, 

Dyntcr, Tr. Linn. Soc. London, vol. xxn. 1859, p. 251. 
a Ann. Sci. Nat. 4tU ser. vol. x. 1858, p. 11. 
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PA. &>uaa/*rj£it Cald. Slightly magnified. 
In most cases the tentacular head b 
protruding from the tube. 


What little we know about the habits of Phoronis is iu the 
main due to the observations 
of Cori, 1 who studied Ph. psarn- 
mophila at Faro, an inlet of 
the sea near Messina. The least 
disturbance causes the animal 
to withdraw its head with 
lightning rapidity into the 
tube, from which after a time Flo, I »? 2 ?* — ^ py;ce of matted colony of 

, i^ri. Kxnmlmtbr 1 C aIc 1. SliohMv mnm.;r.Ad 

it re-emerges very slowly, and 
does not expand its tentacular 
crown until its body is completely extended. Cori states that 
not unfrequently individuals are found either without the crown 
of tentacles or with the latter in process of regeneration. These 
may have been bitten of!' by fish, etc. ; but, on the other hand, 
van Beneden describes in Crepina gracilis (Ph. hippocrepia ) the 
throwing off and regeneration of the crown of tentacles ; and 
Cori confirms his observation, at any rate as far as concerns 
those individuals kept in captivity, and whose surroundings were 
presumably somewhat unfavourable. He further observed the 
interesting fact that the cast-off crown of tentucles continued to 
live, and suggests that possibly it nmy develop a new body, in 
which case the phenomenon would lie an interesting case of 
binary fission producing two new animals. 

With regard to the habitation of Ph. australis, the largest 
species known, some discrepancies have crept into the literature 
of the genus, and to prevent their recurring again it may be 
worth While to quote the shrtements of !ts “d.scove “r. ^ir 
H “swell." He says: "Phoronis australis occum in commun- 

wln » ‘° K hi , rty ' “ Spaces iu th0 Bul »tauee of the 

wall ot the tube mhab.ted and formed by a species of Ccri- 
smthus. Each worm has a tube of its own. very delicate and' 
ranspaient, made up of several layers, the month opening on 

uLTim 7 ™ ° f the tUUe ° f the ^ The CerianZ 

th^anim 1 “T 63 • C °“® I Up “"P 1 *- “ we 8ho ' Jd nuKHIIy expect 
the annual havmg dropped out; but a sufficient numbed o 


1 ft 


TsT^ 3 ’ lnau °‘ Duscrt ' ^ isa9, *** 

vii. 1893, p. 340. 1st sur. vol. vii. 1883, p. G06 ; find 2nd ser. vol. 
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occupied tubes are found to show that, under ordinary circum- 
stances, a living Cerianthus occupies the interior of the tube 
and a community of Phoronis live in its wall. This species of 
Phoronis is never found anywhere else, and the species of Ceri- 
anthus is very rarely found without the Phoronis.” 

Ph. australis is sluggish in its movements, but other species 
are capable of very active movement, and withdraw their 

heads in a moment at the approach 
of danger. A Neapolitan species, 
'l Ph. kowalevskii — known to the fisher- 

IV m en of that place as “ Ficchetelli 

bianchi ” or “ Verrni di ceppa ” — lives 
chiefly on submarine posts and piles ; 
its tubes, closely interlacing, form 
a dense feltwork, upon which Asci- 
dians and Sea-anemones often settle, 
and over which Ophiurids and Poly- 
Fio. 227. — A piece of a colony of Ph. chaets creep. The tubes of this 

s P“ ies are reniiered V the 

covered by particles of sand, excreta ejected from the body, and 
small shells etc. they do not attach foreign substances 

to the outside to anything like the same degree as Ph. psainmo- 
phila, which live in sandy places, and are termed by the Sicilian 
fishermen “ Tubi di sabbia.” The feltwork of Ph. kowalevskii 
attains a thickness of 5 to 8 cm. In each case the tube is much 
longer than the animal it shelters, and is so entangled with its 
neighbours, to which it frequently adheres, that it is a matter 
of considerable difficulty to isolate it. 

The various species of Phoronis differ a good deal in size ; 
Cori gives the average length as varying from 1'5 to 7'9 mm. 
in Pli.hippocrcpia and up to 127 mm. (6 inches) in Ph. australis. 
Probably the very short individuals of the first-named species 
had not attained their adult stature. Ph. australis has recently 
formed the subject of a memoir by Ur. W. B. Beuham, 1 from 
whom the following account is mainly token. 

The length of the individuals varied from three to six inches, 
and their diameter, which is not very uniform, aver.iged one- 
eighth of an inch. At one end, which, since it liears the mouth, 
we may call the oral end, is the very characteristic tentacular 

* Quart. J. Mier. Sci. vol. xxx. 1890, i>. 125. 
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crown surrounding the mouth on all sides but one, where there 

is a slight break in its continuity. The crown of tentacles or 

lophopliore is flattened, and the two ends 

drawn out, and each is coiled into a spiral 

(Fig. 220) ; between the bases of these two 

spirals three ridges can be seen, each ending 

in a pore ; the median opening is the anus, 

the two lateral are the openings of the 

nephridia or kidneys, which also serve as \\ Vy 

ducts for the reproductive organs. The \\ yt 

anus is thus approximated to the mouth, \V 

and since the continuity of the tentacular Vl\\ 

crown is broken at a spot just between 'val 

the two, there would be nothing to sepa- 

rate these orifices if it were not for the «[ 

presence of the epistome, a projection or JB 

flap of the body -wall which overhangs 
the mouth between it and part of the f / 

crown of tentacles. ¥/ 

The extent to which the ridge bearing ^0! 

the tentacles is incurved at each side varies 
in different species. In Ph. kowalevskii 
and Ph. psammophila the ends are only [ 
slightly turned in, so that the crown of 

tentacles is truly horse-shoe shaped ; but F»o. 228 .— a specimen of Ph, 
in Ph. australis they are turned in and M ' Int - remov <Hl 

form three coils on each side. The num- from tehind^* x *^ 01 ^ 2 ! 
her of tentacles also varies, being very (AfW M‘lutosh.) 

numerous in Ph. australis and Ph. buskii — the latter having as 

™ a qn as ^ 00 ' wh,lst the species as a rule have from 60 

to 90. Ihe bases of the tentacles are fused for a short distance 
with one another, forming a thin membrane. 

t„ r “ 7 “ ch tentucIe iB free, and its inner surface, or that 
lied towards the mouth, is covered with long cilia, which, by the 

currents they set up doubtless serve to bring food to the mouth 

h - of their 7 7' , llml their “"‘y is ke P*- °P™ V a stiffcn- 

“ .. ‘ tlS8u f- wlach nlmo3t resembles an internal skeleton : the 

cavi y communicates with the anterior part of the general body- 

77 and up it runs a single blood-vessel containing red blood 
-V single nerve is also distributed to each tentacle 
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At the base of the two spirals of the tentacular crown lie two 
ciliated pits, regarded by Caldwell and M'Intosh 1 as sensory 
organs, but Benham looks upon them as glandular in structure 
and function. Perhaps they secrete the substance from which 
the tubes are formed. 

The skin is covered by a delicate cuticle secreted by the 
underlying epidermis ; within the latter is a well-marked base- 
ment membrane, and beneath this a layer of circular muscle 
fibres ; these surround a layer of longitudinally-arranged fibres, 
which do not form a continuous sheet but are arranged in 
bundles. In both layers the fibres are unstriated. The longi- 
tudinal fibres are covered on their inner side by a layer of flat 
pavement cells, which line the general cavity of the body. 

This space, the body-cavity, is divided into two parts by the 
presence of a diaphragm or septum which runs across from one 
side of the body to the other about the level of the ridge bearing 
the tentacular crown. The anterior space is c ontinuous with the 
cavities of the tentacles and of the epistome^^The partition is 
pierced by the blood-vessels and the oesophagus, but the rest of 
the alimentary canal, including the anus, the kidneys, and the 
reproductive,organs, all lie in the posterior half of the body-cavity ' v 
behind the diaphragrr^/ This portion of the body-cavity is further 
subdivided by the presence of thr ee longit udinal mesenteries 
supporting the alimentary’ canal and running between it and the 
body-wall. One of these mesenteries runs along the outside of 
the alimentary canal throughout its whole length, attaching both 
the descending and ascending limbs of the U-shaped tube to the 
body-wall. The other two are lateral mesenteries, which pass 
from the body-wall to the sides of the oesophagus. These 
mesenteries therefore divide the body-cavity into three spaces — 
one in which the rectimi lies, which may be called the rectal, 
and two lateral ; owing to the fact that the lateral mesenteries 
end before they reach the bend of the alimentary canal, the 
three chambers are in free communication one with another. 

The body- cavity is further traversed by irregular strands oi 
tissue which run from the body’-wall to the vai’ious organs. It 
contains a corpusculuted fluid. 

The alimentary canal (Fig. 230) consists of a U-shaped tube 

1 Challenger Reports, vol. xxvii. 1888 ; ami Proc. Roy. Soc. Etltnb. vol. xi. 1882, 
p. 211. 
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which may be divided into four regions. The mouth ( m ) leads 
into the oesophagus ( oe\ which gradually enlarges into the 
stomach ( st ) situated just before the bend ; a constriction just at 
the bend separates the stomach from the intestine (zn<), and this 
leads into the rectum (r), which terminates in the anus ( an ). 
The first three divisions of the alimentary canal are ciliated, but 
the rectum is not; the walls of the stomach also contain glau- 


c 



Fig. 229. The dorsal surface of PJu australis Has., looking down on the head. The ten- 
tacles are cut away on the left side, and the innermost are shortened on the right 
side to show the arrangement ; in reality they are of the same longth throughout. 
Oy Mouth ; 6, anus ; c, pore of left nephridium ; d y epistome ; e, break in the inner 
series of tentacles. The drawing is to some extent diagrammatic, and is consider- 
ably enlarged. (After Bonham.) 

dular cells, but there are no special glands opening into any part 
of the tract. 

One of the most interesting features of Phoronis is the 
presence of a closed system of blood-vessels containing red blood. 
There are two main blood-vessels ; one, lying in the rectal chamber 
between the two limbs of the U-shaped alimentary canal, has 
been named the afferent vessel. Just below the diaphragm this 
splits into two, and each branch, after piercing this partition, 
ruus in a spiral course along the base of the crown of tentacles, 
giving off a single blood-vessel into each tentacle. At its base 
each tentacular vessel opens not only into the above-mentioned 
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•^distributing ” vessel, but also into a “ recipient ” vessel which 
takes a course parallel with the former. The two recipient 
vessels pierce the diaphragm, and after running for some distance 
apart, fuse to form the efferent vessel, which continues down the 
body on the left side of the oesophagus. At the aboral end of the 
body the efferent vessel turns forward and becomes the afferent. 
Both the main vessels give off numerous blood diverticula, which 
are developed into plexiform sinuses on the walls of the stomach, 
and in this region they are covered with the reproductive cells. 
All the vessels are contractile, and Strethill Wright counted about 
fifteen pulsations a minute. The blood contains numerous nucle- 
ated, disc-shaped corpuscles differing in appearance from those of 
the fluid in the body-cavity. The corpuscles contain haemo- 
globin, which gives the red colour to the blood. 

The two nephridia _j3C- kidneys are ess entially tubes w h ich op en 
on the one side into the body-cavity, and on the other to the 


exterior. The position of the external pores has already been 
;v described^ one being on each side of the anus. Each pore 


describee^ one being on each side of the anus. Each pore — 
leads into a tube which passes, into that part op heJjody -cavity, 
situated below the diaphragm^v&fire i t divides, and each gf the two_ 
branches ter minates in a ciliat e d funnel-shapet L- Ppening. — e 

smaller of thesc_ two funnelspierces the lateral mesentery and 
op^il ^TthTlI^ wh ilst the la rgerjrhgse jipgning 

is ve ry much drawn outjongitudinaljy^^opcns i nto the rectel , 
chamber Thg whnTe~organ is ciliated internally. tor? thi/n 

ThT nervous system lies in the slap, immed i ately below j^ 

epiderniifL_JThis position is very primitive, and forms one of the 
most interesting anatomical peculiarities of the genus lhe 
nervous tissue is probably diffused all over the body, but there 
is a special concentration or thickening in the form of a ring 
which surrounds the mouth, following the base of the tentacular 
spirals and giving off a nerve to each tentacle. The ring bee lat 
the outside of the base of the tentacles, the anus is not included 
in it Caldwell 1 has described in Ph. kowalevshn an asymmetri- 
cal nerve-cord given off from the ring and running along the 
left side of the body; associated with which is a tubuiar str - 
ture of unknown function. In Ph. australis Benham mentio 
two such tubes, one on each side of the body ; their precise va 

is obscure. 

1 Proc. Roy. Soe. London, voL xxiiv. 1883, p. 371. 
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The epithelium covering the nerve-ring is slightly modified in 
the neighbourhood of the kidney pore, and may have some special 
sensory function ; no other organs of sense are known (but see p. 454). 
Phoronis is hermaphrodite, male and female reproductive cells 



Fio. 230.- — A schematic view of 
the interior of the body 
of Phoronis. The middle 
seveu-eighths of the body are 
omitted. af y Afferent blood- 
vessel ; an, anus ; </; efferent 
blood - vessel ; ep % epistomc ; 
9 ft glandular pit ; t nt, intes- 
tine or “second stomach"; k\ 
large funnel of the left neph- 
ridinm ; ko , opening of right 
nephridium, the opening of 
the left is seen immediately 
below in section ; m t mouth’; 
n, nerve concentration ; 
oesophagus ; ocm, oesopha- 
geal mesontery ; ov t ovary ; 
r, rectum ; rm, rectal mesen- 
tery ; rv, right recipient 
blood-vessel; 5 , septum; st, 
stomach ; testis ; (m, right 
lateral mesentery. (From 
Benbam.) 


* 


lZ S tlZZ T B individual - The testes and ovaries 

on™ e side » ^ T S8C f, y,n8 0n the left 8ide of the stomach, one 

vLd tL ? I 6 h6r ° n the ° ther 8ide of th « efferent Wood- 

euWivel ofl^r iu 811 di ™*<™ by the diverti- 

hlood Tu Inlt trunk ' and “ re th « 8 "ell supplied with 
. m fact both the ovary and the testis are formed by the 
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multiplication and growth of the epithelial cells which cover these 
diverticula. When ripe the ova and spermatozoa drop off into 
the body-cavity and make their way to the exterior through the 
duct of the kidney. 

The ova are probably fertilised in the sea -water ; they 
undergo the early stages of their development whilst entangled 



Fig. 231.— Three stages 
ill the metamorphosis 
of the Actinotrocha 
into Phoronis. A, 
Actinotrocha larva 
with the invagination 
(e), which will form 
the trunk of the Pho- 
ronis larva beginning 
to appear. B, Stage 
with the invagination 
partly extruded. C, 
Stage when the extru- 
sion is complete and 
the alimentary canal 
has passed into it. C 
is after Metschnikoff. 
a. Mouth ; b, anus ; 
c, invagination which 
ultimately forms the 
greater part of the 
body of the adult. 


amongst the tentacles of the parent. The larval form to which 
they give rise was known long before its connexion with the 

adult was demonstrated by Kowalevsky. It is , n0 '” 1 ,j 
Actinotrocha (Fig. 231. A), and adding to Caldwell hasjhe 

following structure in Ph. kowalcvskn. The mo , 

and t„e S anus terminal and posterior; the ihouth is overhungby 
an immense prde-oral lobe, which bears a spemal larval ner 

1 ZapisTci Acad. SI. Peter*. voL *i. So. 1. 1867 (W# Abstmc. in Arck. 
Nature,. Jahrg. xxxiii. 1867, Bd. n. p. 235. 
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ga ngli on, and in some species four eye -spo ts : at the base of this, 
but be hind the mouth, is a ring of larval tentacle s. The prf(e- 
oral lobe and the tentacles are ciliated ; the margin of the lobe 
bears, however, specially l ong cilia, and there is also a ling of 
long cilia around th e anus. 

Before the Actinotrocha stage has been reached the larva 
has forsaken the shelter of its parent’s tentacles, and swims 
actively about in the open sea. As it grows older a finger-like 
involution of the skin (c) arises just behind the tentacles on the 
v entral surfac e and grows i nto the body , increasing greatly in 
length and becoming much folded. The larva now sinks to the 
bottom of the sea, and after swimming round many times on its 
axis, undergoes a very astonishing metamorphosis (Fig. 231, B, 
C). The finger- like involution is suddenly turned inside out, 
and forms a large projection on the ventral surface, into which 
the alimentary canal passes, a ssumin g a U -shape, a s in the adult. 
This ventral process in fact forms all the body of the adult behind 
the line of tentacles, and subsequently contains, not only the 
alimentary canal, but the kidneys, the repr oduc tive organs, and a 
larg. part of th e vascular s ystem. At the same time~~the pr/e- 
oral lobe bre aks off , and, together with its gang lia and eye-sp ots, 
passes into the mouth and i s digested in the stomach ; the larva l 
te ntacles follow the prjie-oral lobe, and are similarly digested. 
Their place is taken by a ring o f adult tenta cles which commence 
to appear just behind the larval tentacles before they fall off. 
The animal is now practically adult. 1 

It is obvious that this astonishing metamorphosis is accom- 
panied by the rotation of the axes of the animal. The adult 
practically lives at right angles to the larva. In the latter the 
anus marked the posterior end, and the prae-oral lobe the anterior. 
The prae-oral lobe has disappeared in the adult, but its position 
is marked by the mouth. The ventral surface has enormously 
increased, and corresponds with the whole surface of the trunk. 
To be consistent we must therefore regard the mouth of t^e 

1 Caldwell, loc. cit. Focttingor, Arch. Biol. vol. iii. 1S82, p. 679 ; Gegenbaur, 
Zctlschr. tciss. Zool. vol. v. 1854, p. 845 ; Krohn, Arch. Anal. Jalirguug 1S5S, 
p. 289; MetschuikolT, Nachridit. k. Gcs. ll'iss. Gollitujcn, No. 12, 1869, p. 227, 
and Zcilschr. vriss. Zool. vol. xxi. 1871, p. 233 ; J. Muller, Arch. Anal. Jalirguug 
1S46, p. 101 ; Schneider, Monatsbcr. Ak. tciss. Berlin, 1S61, p. 934, and Arch. 
Anal. Jahrgang 1862, p. 47 ; Wagoner, Arch. Anal. Juhrgang 1847, p. 202 ; Wilson, 
Amcr. Natural, vol. xiv. 1880. 
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adult as marking the anterior end of the animal, the anus the 
posterior. The short line between the mouth and anus across 
the centre of the tentacular crown marks the dorsal surface ; and 
the line running all round the trunk from anus to mouth, the 
ventral. In fact, in its usual position in its tube Phoronis is 
lying on its ventral surface, its back faces upwards, and the 
anterior and posterior ends lie on one side or the other. 

Species and Affinities. — In his exhaustive memoir on the 
anatomy and histology of Phoronis, Cori enumerates seven 
different species, and quotes the characters of each as enumerated 
by eight different authors. He, however, reserves his opinion 
as to the identity or distinctness of some of these species. 
Benham in his account of Ph. australis enumerates five species, 
including amongst them Ph. ovalis, which, however, he regards 
as probably a young form, an opinion in which Cori coincides. 
The latter regards it as possibly a young form of Ph. hippocrepia. 

Without comparing specimens of each of the alleged species, 
it is difficult to come to any very satisfactory solution of the 
problem of how many distinct species are at present known, but 
it seems probable that there are at least six. 

(i.) Phoronis hipjtorrepia Wright — Under this name is included the first 
form, described and named by Wright in 1856 ; also Ph. ovalis, described two 
years later by the same observer as a distinct form, though it now seems 
probable that it is but a young form of Ph. hippocrepia. The Crepina tjracilis 
of van Beneden is probably identical with this species. 

This species occurs in membranous tubes embedded in limestone, corals, 
or oyster shells. Its length varies from 1-5 to 15 mm. The number of 
tentacles varies from 1G to 86. It has been found off the coast of Devon- 
shire and in the Firth of Forth. 

(ii.) Phoronis kowalevskii Caldwell. — This name is given by Benham to the 
species from Naples described by Caldwell, and replaces the name Ph. 
cacspitosa, which was given, but subsequently withdrawn, by Cori. This 
species is found in the Bay of Naples, living in considerable colonies on sub- 
marine piles and posts. It is not firmly attached to its substratum. The 
tube may be coated with sand or other foreign particles. The length of the 
individuals varies from 3 to 39 mm. The lophophorc is simple, with from 
50 to 100 tentacles. 

(iii.) Phoronis australis Haswell. — This is the giant of the genus, the length 
of the individuals being from 3 to 5 (76-127 nun.) or rarely 6 inches. It 
lives in delicate transparent tubes, interlacing the walls of the tube of a 
sea-anemone, Cerianthus. The arms of the lophopliore coil into two spirals. 
The colour is reddish or purple. Found in Port Jackson. 

(iv.) Phoronis huskii MTntosh.— ' This species was dredged by the Challaujer 
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from a sandy bottom at a depth of 10 to 20 fathoms off the Philippines. 
Its tube is covered with particles of sand, sponge spicules, etc. Its length 
is 52 mm. or more (more than two inches). The anatomy of this species 
closely resembles that of Ph. australis, and Benham thinks that, in spite of 
the difference in their habitat, they may belong to the same species. 

(v.) Phoronis architccta Andrews. — A species recently described by 
Andrews from Beaufort, N.C. Its distinctive features are : “ the formation 
of isolated tubes covered by definite collections of sand grains ; the presence 
of special prostomial organs, possibly of use in the formation of these tubes ; 
the great development of the longitudinal muscles ; the presence of a ciliated 
groove in the digestive tract ; the apparent separation of the sexes.” 

(vi.) Phoronis psammophilu Cori. — Found in Faro, near Messina. The 
tube is hyaline, and is covered by numerous grains of sand, some of consider- 
able size. The length of the individuals is 25 to 50 mm. There are 60 to 
90 tentacles. The colour is a fleshy red. A second species discovered by 
Haswell in Port Jackson had no points of importance to distinguish it 
from Ph. psammophila , except that no sand adheres to its tube and the 
number of tentacles is slightly greater. 

In addition to the various species of Phoronis, several distinct forms of 
its larva, Actinotrocha, are known, and have been named without having 
been traced into their corresponding adult form. 


The position of Phoronis in the animal kingdom hus formed 
the matter of considerable divergence of opinion amongst the 
naturalists who have studied it. The earlier writers regarded 
Phoronis as allied to the Gephyrea, and it was for a long time 
classed with these animals, but placed in a separate sub-Order, 
the Gephyrea tulicola, which was opposed to the Gephyrea nuda, 
which comprised the true Gephyrea. 

Caldwell referred Phoronis, the Brachiopoda, the Tolyzoa, 
and the Gephyrea to the same type of body structure, and 
Lankester subsequently suggested the provisional name Podaxonia 
for this miscellaneous collection of animals. Lankester divided 
his phylum Podaxonia into three classes : (i.) the Sipunculoidea 
v Gephyrea), (ii.) the Brachiopoda, and (iii.) the Tolyzoa. The 
last-named class he divided into three sections: («) the Vermi- 
onnia, this includes the single genus Phoronis; (b) the Ptero- 
branchia, including the forms Cephcdodiscus and Phabdopleura , 
w ose affinities with Balanoglossus were subsequently deinon- 
s rate , and (c) the Eupolyzoa, including the forms treated as 
I olyzoa m the following pages. 

Masterinan s recent researches 1 on Phoronis seem to indicate 

1 Proe. Roy: Soc. Edinb. vol. xxi. 1896, p. 59 ; and Zoo!. Anz. six. 1896, p. 266. 
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that the Vermiformia, like the Pterobranchia, must in future be 
grouped with the Hemichordata. He finds three well-defined 
coelomic spaces corresponding with the epistome, the collar, and 
the trunk, and also representatives of the collar pores, and is 
further inclined to believe that structures representing the noto- 
chord exist in Actinotroclia. 

Should Masterman’s researches be confirmed, Phoronis will be 
removed from its present isolated and enigmatical position, and 
placed with Cephalodiscus and Rhabdopleura amongst the Hemi- 
chordata, which will be described in VoL VII. of this work. 
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The foiling pages 1 deal with animals whose very existence is 
lardly known to those who are not professed naturalists. There 
are but few Polyzoa which have earned the distinction of possess- 
ing a popular name, and most of such names as do exist cannot 
be found outside treatises on Natural History. It is true that 
many of the members of this group have been vaguely termed 
oophytes but this term implies no more than that they 
possess a superficial resemblance to certain plants, and it must 
be remembered that this habit of growth is assumed by many 
amma s which have nothing to do with the Polyzoa. The term 

wWK 1116 18 BOmetimes a PP lied ^ those calcareous Polyzoa 

Which glow into coral-like forms; and the Tertiary deposit 

, U ”. ,* ° 0ral,ine is so called from the Lge 

muaber of fossil Polyzoa which it contains. 

lhe Polyzoa are none the less a most attractive group Let 

manyi i! lnay * f ° Und thro " 11 «P ou the beach on 
P our coasts. Of this species (Fhistra foliacea), the 

the most i»art, to P ** CS bc ° U d °l»berately restricted, for 

1’vlyma which is so rcnrcscntitivc tl OW “ f “ Una contaius assemblage or 

t,M > “ritWt forms thin r^toinu L ^ TT* ^ d ° sorno justice to 

number of ,« g0s devoted to this JL« T?** ^ groun ' i in tho H,uitcd 

of tho subject sliould refer for 8 . P - Those v ho dcsiro to make a wider study 
VOL. II ’ f0F munno form8 - to Busk’s Catalogue of Marine 

2 II 
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so-called “ sea-mat,” an old writer says : “ For curiosity and 
beauty, I have not, among all the plants or vegetables I have yet 
observed, seen any one comparable to this seaweed .” 1 Viewed 

with the microscope, the 
frond is seen to consist 
of two layers, placed back 
to back, of oblong cham- 
bers, each of which is the 
dried body- wall of a single 
individual. The whole is 
obviously a colony, and 
to this fact the term 
Polyzoa refers. 

The chambers just 
noticed are termed 
“ zooecia.” Each is 
rounded at one end, near 

Fio. 232. — Flustrn foliacea L., Cromer. A, Natu- which IS the orifice, 
ral size, B indicating the portion magnified in through Which the ten- 
B ( x 30 ): a, avicularium with closed mouth . j eg of the animal 

to the left of which are seen two aviculana with ° 

open mouths; o, oviceU, forming the upper can be pushed out. lWO 

part of a zooecium. Ovicells are seen on three „*.«* sn inPS USUallv 

consecutive zooecia. The operculum, wh.ch Short, StlH Spines USUWiy 

closes the orifice of the zooecium, is seeu in oceur on each Side OI tlie 

different positions in the individuals figured. . an( J tlie symmetry 


of this forest of spines fully justifies the above-quoted remark 
The upper part of some of the zooecia is somewhat swollen, 
these swellings representing the conspicuous -■ ovicells ” of many 
other genera. In the early part of the year each ovicell pro- 
tects an orange -coloured egg or embryo, and the larvae are 
readily liberated if the fresh colony he placed in clean sea-water. 
.< At least ten thousand ” were hatched out in three hours from 
a' Placed in a glass by Sir John Myall.’ ' The larva 

swims freely in the water for a short tune, and should it find a 

Polyzoa in Hoc Collodion of, ho Bri,M ; 9 (tisS) i ind 

ChaUcnyor Rc,K> ,*, .n Polyzoo a.nl Cycio- 

«« “ bn-t J5E* JZ 

ijtssst STiv 3r ir r - 346 - 

» llarc and llcuiarkablc Animals of Scotland, n. 1848, V . o. 
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suitable resting-place, it fixes itself and forms the starting-point 
of a colony, the number of whose individuals is continually 
increased by the production of buds at the growing edge. The 
“avicularia ” of this species will be alluded to later (see p. 482). 

F/oliacea has long been known to possess in the fresh state 
a remarkable odour, which is described, according to the fancy 
of the observer, as a strong odour of fish, or as the smell of 
violets after a shower. Others have compared it to that of the 
orange or verbena, or to that of a mixture of roses and geranium. 

Flustrclta hispida, another of our commonest Polyzoa, which 
may be found between tide-marks on the stalks of Fucus, con- 
sists of a softish brown encrustation, about one-sixteenth of an 
inch thick, covered by numerous spines. If examined undis- 
turbed in a rock-pool, or transferred to a glass of sea-water, the 
brown mass will be seen to become surrounded by a delicate 
bluish halo, which is about as thick as the encrusting mass 
itself, and consists of the tentacles of the numerous individuals of 
the colony. The microscope shows that each individual is pro- 
vided with a circlet of some thirty or more long, delicate ten- 
tacles, which together form a graceful funnel (as in Fig. 233). 
At the bottom of the funnel is the mouth, to which Diatoms or 
other minute organic particles are conveyed by the cilia which 
fringe the tentacles. If the tentacles be touched with a needle, 
the whole funnel is retracted with great rapidity, and in this 
retracted condition we see no more thun the body-walls of the 
animals. After an interval the tips of the tentacles are 
cautiously protruded ; the tentacles are gradually pushed out, 
at first in a close bundle, but finally separating from one another 
to form the funnel which we have already noticed. 

There is hardly a more surprising spectacle in the whole 
animal kingdom than a living fragment of the genus Bugula. 

he colony grows in the shape of a small tree, whose height may 
amount to several inches ; and is characterised, in many species, 
by a spiral arrangement of the branches, which makes the genus 

Zcl reCOgmM at fi , rst 8ight 233 > A). The stem and 

two or m Uie ? mP ? ed T ? f a sin 8 le %er of zooecia, arranged 

a most 72 17; ^ ZOOeCium on its outer sfde, 

blance to al i P v ^ ^med an aviculurium, from its resern- 

bv a short but fl S n Ima o ine a minute eagle’s head attached 
} 1 bMt flexib,e neck the zooecium. Suppose further 
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that this structure moves backwards and forwards in a deliberate 
but determined fashion, its lower jaw usually widely open so as 

to be nearly 180° distant 
from its position when closed. 
Suppose that the lower jaw 
is moved by powerful muscles 
which can be distinctly seen 
inside the transparent head 
of the avicularium, and that 
every now and then it closes 
with a snap, seizing any un- 
fortunate worm which may 
happen to be within reach 
with a grasp of iron. The 
above gives a very faint idea 
of the appearance of a living 
Bugula colony, with its hun- 
dreds of swaying avicularia, 
and with its tentacular funnels 
protruding from their zooecia, 
and withdrawing themselves 
capriciously from time to 
time. 

General Characters. — 

The Polyzoa are colonies, 
leaf-like or tree-like in form, 

Fio. 233. Bugula turbinata Alder, Plymouth. an d often Strongly resembling 

A, A small colony (natural size) ; B, por- j or forming en- 

tioii of a branch ( x 50) : , aviculana, SeaweetlS, OI » , 

in different positions ; ap, “ aperture (see crustations On the Surface OI 

022! i CStSASJfS'iS: stones and water-plants or 

surrounded by the circle of tentacles ; two taking on Other shapes. I he 

ESS units of the colony are com- 

s pine. The aviculana of .some of the pj e j- e individuals (Tig. 2,64). 
zooecia have been omitted in B. The z00 ecium Or body -Wall 

encloses a body-cavity, in which lies a digestive canal with^hid. 
are closely connected the central nervous system and the retractile, 
ciliated tentacles. The structures other than the r.ooeoium con- 
stitute the " polypide.” The mouth (») leads mto the eihated 
nharvnx (ph\ which is followed l.y the oesophagus («r), which 
£2 passes into the stomach (,). whose walls are coloured by a 
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characteristic yellowish pigment. The stomach gives off the 
intestine (in), which is lined by strong cilia, by means of which 
a rotatory movement is given to the faeces contained in it. This 



r.m. 

Pio. 234. . 1 Icyonidium albidum Alder, Banyuls-sur-Mer. Diagram showing the struc- 

ture of a single zooccium with its polypido retracted : a, aims ; rf, diaphragm • r 
ectecyst ; cm, ectoderm ; /, funiculus ; g, gauglion ; i, iuterteutacular organ : ’in 
mtestme ; m, mouth ; van, mesoderm of body-wall ; o, oritico ; or, oesophagus • or' 

r ,„ y r \ P ' r r ‘ R i USC l“ 5 ? h ' ; p.v, parieto-vaginal muscles ; r, rectum : 

r;'",- v V (contracted) ; *, stomach ; I, testis ; (n, tentacles ; l.s, ten- 

tacle- sheath or kamptoderm. (After Prouho. 1 ) 


communicates by a narrow passage with the rectum (»■), which 
°P ens by means of the anus (a). 

In the retracted condition the tentacles (/«) lie in a cavity 

1 Arch. Zool. K rji. 2 ser. x. 1892. 
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which opens to the exterior by the orifice (o). The cavity is 
bounded by a thin membrane termed the “ tentacle-sheath ” (fs), 
and it is incompletely subdivided, near its upper end, by a 
diaphragm ( d ), perforated by a circular hole through which the 
tentacles can be protruded- The diaphragm bears the thin 
folded collar characteristic of the Ctenostomata, the group to 
which the species figured belongs (see p. 477). 

Fig. 238, B, shows the tentacles of Bowerbankia in their fully 
expanded and partially expanded condition. Comparing this with 
Fig. 234, it will be clear that when protrusion is taking place, 
the tentacles are forced in a bundle, tips first, through the 
diaphragm and next through the orifice of the zooecium, the 
alimentary canal offering no resistance to this movement, owing 
to the length of the oesophagus. A moment’s consideration will 
show that the bases of the tentacles, in passing through the 
orifice, will carry with them that part of the flexible tentacle- 
sheath to which they are attached ; and it will further be clear 
that so much of the tentacle-sheath as is thus protruded will be 
turned inside out. This process of “ evagination ” continues until 
its further progress is stopped by the retractor-muscles ( r.m ), and 
by the parieto-vaginal muscles (jp.v ), which pass from the interior 
of the body-wall to the upper part of the tentacle-sheath. The 
latter has now become the delicate layer which connects the 
expanded tentacles with the zooecium ; and the anus (Fig. 238, 
C, a) opens directly to the exterior. Since the name “ tentacle- 
sheath ” is thus descriptive of the condition of retraction only, the 
term “ kamptoderm” 1 has been suggested as an alternative name. 

The presence of a complete digestive canal and the ciliation 
of the tentacles in Folyzoa are conspicuous differences between 
these animals and the Hydroids, with some of which the Folyzoa 

may have a marked external similarity. 

The outermost 2 layer of the body-wall is known as the 
“ ectocyst ” (Fig. 234, e). This may be densely calcareous, m 
which case the dried Polyzoon differs little in appearance from 
the living animal with its tentacles retracted; or it may be 
partially calcified, or it may consist entirely of a flexible cuticle, 


* Kraepelin, Abh. Vcr. Hamburg, x. 1887, No. ix. 19; *4*™* to bend; 

" D ; f the ectocyat of some calcareous forms are covered l»y an external invest- 
ment of cdla,whieh give rise to seeondary thickenings, ridges, and other gunvths. 
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as in Fig. 234. The ectocyst is prolonged through the orifice 
( 0 ) as far as the diaphragm ( d ). 

Forms with a calcareous ectocyst are commonly ornamented 
with ridges or other patterns, which are often of great beauty. 
The ectocyst in these cases is commonly interrupted at intervals 
by pores (Fig. 239, C), into which processes of the “ endocyst ” — 
the living, internal part of the body-wall — extend. These may 
appear as superficial pores, which apparently open to the exterior 
in the dried condition, or they may perforate the septa between 
adjacent individuals. This may be strikingly demonstrated by 
decalcifying a branch of Crisia (Fig. 237), in which the zooecia 
then appear connected by numerous strands of tissue. In many 
marine forms the communications between the individuals are in 
the form of small sieve-like plates known ns “ rosette-plates. 

The endocyst may consist of definite layers of ectoderm (cm) 
and mesoderm (wiwi), as in Fig. 234, but the mesoderm is 
commonly in the form of a loose network, some of which is 
attached to the body-wall, some to the alimentary canal, some 
forming connecting strands between these two layers, and other 
cells floating about freely in the body-cavity. These mesodermic 
structures are often spoken of as the " funicular tissue,” since one 
or more strands of it commonly take on the form of a definite 
“ funiculus ” (/). This structure may bear the ovary (or), while 
the testes ( t ) are found, commonly in the same zooecium, attached 
to various parts of the body-wall. The eggs and spermatozoa, 
when ripe, break off and float freely in the body-cavity. 

The funicular tissue was at one time described as a “ colonial 
nervous system.” The idea expressed by this term must be 
considered erroneous from the fact that no nervous co-ordination 
of the individuals is known to exist, in the vast majority of 
cases. The actual nervous system consists of a ganglion (<?) placed 
between the mouth and anus of each polypide, and lying in a 
small circular canal (not shown in Fig. 234) which immediately 
surrounds the oesophagus. This canal is developed in the bud as 
a part of the body -cavity, from which it becomes completely separ- 
ated in marine forms. The Polyzoa have no vascular system. 

Brown Bodies. — In the majority of cases, an extraordinary 
process of regeneration takes place periodically during the life 
of each zooecium. The tentacles, alimentary canal, and nervous 
system break down, and the tentacles cease to be capable of being 
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protruded (Fig. 235, 1). The degenerating organs become com- 
pacted into a rounded mass (Fig. 235, 2 and 3, b.b), known from 
its colour as the “ brown body.” This structure may readily l>e 
seen in a large proportion of the zooecia of transparent species. 
In active parts of the colony the body-wall next develops an 
internal bud-like structure (Fig. 235, 1, b), which rapidly acquires 
the form of a new polypide (Fig. 235, 2 and 3). This takes the 
place originally occupied by the old polypide, while the latter 
may either remain in the zooecium in the permanent form of 



Flo. 235. — Flush'd papyrtu Pall. Naples. x 50. Illustrating the development ot a 
new polypide after the formation of a “ brown body. In 1, a, two masses formed 
from the alimentary canal; b, young polypide-bud ; b.b degenerating tentacles 
c, connective tissue : 2, another zooecium, later stage ; b.b, brown bod) ™i, re- 
tractor muscles ; s, stomach ; t, tentacles of new polypide ; t.s tentacle-sheath 
3, the same zooecium, 191 hours later ; letters as m 2. 1 and 2 are seen from 

the front, 3 from the back. 1 


a “ brown body,” or pass to the exterior. In Flustra the young 
polypide-bud becomes connected with the “ brown body by a 
funiculus (Fig. 235, 1, 2). The apex of the blind pouch or 
“ caecum ” of the young stomach is guided by this strand to the 
“brown body,” which it partially surrounds (3). The “brown body 
then breaks up, and its fragments pass into the cavity of the 
stomach, from which they reach the exterior by means of the anus. 

There is some reason to believe 2 that these remarkable pro- 
cesses are connected with the removal of waste nitrogenous 
matters. The Marine Polyzoa are not known to be, in most 
cases, provided with definite excretory organs, although it is 

i From tl.e Quart. J. Micr. Sci. xxxiii. 1892. 3 Tbid. p. 123. 
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possible that the intertentacular organ (Fig. 234, i ) described 
on p. 508 may in some cases perform excretory functions. There 
can, however, be little doubt that some kind of excretion takes 
place in the Polyzoa ; and in considering what organs could 
possibly perform this work, our attention is arrested by the 
alimentary canal. The digestive organs of the young bud are 
perfectly colourless. As growth proceeds, certain parts acquire 
a yellowish, and later a brown colour. The degeneration of the 
polypide is followed by the grouping of large numbers of the 
free cells of the body-cavity into a mass which closely surrounds 
the incipient “ brown body.” Under their action, the latter 
becomes considerably smaller, probably as the result of the ab- 
sorption of matters of nutritive value into other tissues. The 
final result is the formation of the compact “ brown body,” 
whose colour is principally derived from the pigment formerly 
present in the alimentary canal. Experiments made by intro- 
ducing into the tissues of the Polyzoa certain artificial pigments 
which are known to be excreted by the kidneys when injected into 
the bodies of other animals, have given some reason for believing 
that the appearance of the brown pigment in the wall of the diges- 
tive organs is, in part, a normal process of excretion ; although 
that process is not entirely carried out by the organs in question. 

Little is known with regard to the duration of life of a single 
polypide ; but some information bearing on this question may be 
obtained from a set of observations made on Flustrci papyrea} 
The table gives the number of days from the time at which 
the polypides were noticed to commence their degeneration : — 


2 . 

5 . 
8 . 
11 . 
16 . 

21 . 

35 . 


. 44 Brown body " partially formed, the pails of the polypido being still 
easily recognisable. 

. Tentacles still just recognisable : appearance of new* polypide-bud. 

. Stage shown in Fig. 235, 2. 

Union of apex of stomach with 44 brown body/ 1 
Brown body half surrounded by stomach, and preparing to break 
U P (Fig* 235, 3). 

Brown body broken up into numerous fragments, contained in the 
alimentary canal of the new polypide. 

‘ * Browu body ” almost completely absorbed. 3 


Quart. J. Aficr . Sri. xxxiii. 1892, p. 147. The experiment was conducted in 

not bo perfectly normal with regard to the time 


* ***** Mxm. i 

a laboratory, and the results may 
occupied. 

viit Zool . Exp. vi. 1877, p. 202, aud explanation of plate 

vm. for another senes of observations. 1 1 1 
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These results did not hold good for all the zooecia in a single 
colony. In some, the “ brown body ” was not completely got rid 
of at the end of sixty-eight days, the conclusion of the experiment. 

So striking are the facts relating to the “ brown bodies ” that 
it has been believed 1 that what we have above described as the 
individual really consists of two kinds of individuals: firstly, 
the “ polypide ” or complex of tentacles and digestive organs ; 
and secondly, the “ zooecium,” or house of the zooid or polypide, 
corresponding with what has been described above as the body- 
wall. The one individual, the zooecium, is on this view provided 
with successive generations of the second kind of individual, the 
polypide ; and these latter function as the digestive organs of 
the two-fold organism. This view, though fascinating at first 
sight, is not borne out by an examination of all the facts of the 
case, especially when the Entoprocta are taken into acc ®^^‘ 

History. — The history of the Polyzoa, as far as 1856, has 
been fully treated by Allman in his great work on the Ires - 
water Polyzoa ; 2 but a few words may be said on this ^ sub J ect J 

The Polyzoa attracted comparatively little attenti 
the beginning of the present century. Originally passed over a 
seaweeds, thfir real nature was established in “nnexion^with 

the discovery of the animal nature of coials. o gr 
tion could hardly be accepted without a struggle and even 
Linnaeus went no further in this direction _ than to jdaee them 
in a kind of half-way group of " zoophytes, w o to 

partly animal and partly vegetable. It is hardly 
point out that this view has now been abandoned *7 
consent ; and indeed there is no more reason „ 

animal as showing an approach to the plants 
in the external semblance of a seaweed than them would be 
supposing a bee-orchid to be allied to the animal kingdom 

because of the form of its flowers. operate class 

^ But the claims of the Polyzoa to rank “ re 

were by no means admitted with the discovery that they ' 
animals. They were still confounded rth 
narians, or 

• * ^ 

canal was recognised as a feature distinguish g 

. see erectly 0. J. Allman, Monograph of *. ^ S00i ' t7 ' 
1856, p. 41 ; and H. Nitsche, Zcilschr. iviss. Zool. xxi. 187 , p 

2 Ray Society, 4 to, 1856. 
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animals. This was principally due to the observations of J. V. 
Thompson 1 in Ireland, who introduced the term Polyzoa : and 
of C. G. Ehrenberg 2 in Germany, who proposed the class-name 
BRYOZOA, or moss-like animals. 

It is impossible to avoid all mention of the controversy which 
has raged with regard to these two rival terms. The contro- 
versy is for the present at rest, the name Polyzoa being 
employed by the majority of English writers, amongst whom 
must be mentioned Allman, Busk, Hincks, and Norman, ad- 
mittedly authorities of the tirst rank ; while Bryozoa is 
employed by practically all the Continental writers. 

The priority of Thompson’s name is unquestioned. While 
Ehrenberg, however, definitely introduced Bryozoa as the name of 
a group, Thompson was less precise in this respect, although he 
states 3 that his discovery “ must be the cause of extensive 
alterations and dismemberments in the class with which they 
[the Polyzoa] have hitherto been associated.” Thompson, in 
fact, clearly understood that the Polyzoa could no longer rank 
with the Hydroids. The controversy has been summarised by 
Hincks, in his History of the British Marine Polyzoa , 4 where 
references to other papers on the same subject are given. 

The Polyzoa were associated by H. Milne-Edwards with the 
Tunicata in the group Molluscoidea (Mollusco'ides 5 ), to which 
the Brachiopoda were afterwards added by Huxley . 0 A know- 
ledge of the development of the Tunicata has, however, shown 
that these animals must be withdrawn from any association with 
the other two groups ; while there is little real evidence that even 
the Brachiopods have anything to do with the Polyzoa. 

Glassification. — The Polyzoa are divided into two sub- 
classes : — I, the Entoproc ta ; and II, the Ectoprocta . 7 Al- 
though the character referred to by these terms is merely the 
position of the anus wi th relation to the tentacle s , 8 there can be 
no doubt that the two groups differ widely from one another ip 

1 Zoological Researches and Illustration, is, V. “On Polyzoa.” Cork, 1S30. 

’ “ Synibolae Pliysicae,” 1831, and Abh. Ak. Berlin, 1832, i. p. 877, etc. 

j C< *' *** 4 V°k i. 1S80, Introduction, p. cxxxi. 

* Etem*** dt Zoologit , 2nd cd. Aniuiaux sans VtrUbres, 1843, pp. 238, 312. 
..*? ' Milnc-Edwarda lias kindly written to me, informing mo that ho believes 
us to havo been the first occasion on which the term was thus used. 

Phil. Trans, vol. cxliii, 1853, p. 62. 

1 Nitsche ' Zcilsehr. tews. Zool. xx. 1870, p. 34. 
rpwKr6t, anus ; iv r&t, within ; inrit, without. 
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many important respects. I do not, however, accept the view, 
maintained by some authors, that the Entoprocta and the Ecto- 
procta are two separate classes which are not nearly related. 

The base from which the whole set of tentacles springs is 
known as the “ lophophore.” 1 In the Entoprocta (Fig. 236, 1) 
the lophophore is circular ; the mouth is situated near the 
margin of the area surrounded by the tentacles ; and the anus 
is found with in ’ the circlet , near the end opposite to the 
mouth. 

In (2) and (3), representing the Ectoprocta, the anus is 
outside the series of tentacles. In the majority of cases, includ- 
ing all the marine Ectoprocta and one or two of the fresh-water 



Flo. 236. — Ground-plan of the lophophore in (1) Ento 
Phylactolaeiiiata : a, anus ; ep , epistome ; m, mouth 
seated by shuded circles. 



(2) Gyninolaemata, (3) 
e tentacles are repre- 


forms, the lophophore is circular (2), the mouth occurring at the 
centre of the circle, and not being provided with a_lW J^ese 
forms of Ectoprocta constitute the Order Gymnolae>*Ata,- the 
dominant group of the Polyzoa in respect of number of genera 
and species. The remaining Ectoprocta belong to the exclusively 
fresh-water Order PilYLACTOLAEMATA, 3 in which the mouth is 
protected by an overhanging lip or “ epistome ; the groun 
plan of the tentacles is, except in Fredericella, horse-shoe shaped 
(Fig. 23 G, 3), and the tentacles themselves are usually muc 

more numerous than in the other cases. 

The general characters of these divisions* will be more easily 
understood by referring to the figures given of living representa- 
tives of the groups^The Entoprocta are illustrated by mgs. 
243-245 ; the Gyinnolaemata by Figs. 238, 240 , an ie 
Phyluctolaemata by Figs. 247, 248. 

■ \6<f>os, treat or tuft. 3 naked ; Xo.^, throat. 3 * « uanL 
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The Gymnolaemata include three Sub-Orders : — 

1. Cyclostomata . 1 — Body-wall densely calcareous, the zooecia l>eing more 

or less tubular, usually with a circular orifice (Fig. 237). 

2. Cbeilostomata.'* — Body-wall of varying consistency. The orifice is 

closed, in the retracted state of tli*» polypide, by a chit incus lip or 
“operculum,” which is more or less semicircular (Figs. 239, 241). 

3. Ctexostomata . 3 — Body-wall always soft. The cavity into which the 

tentacles are retracted is closed by a frill-like membrane, the edges 
of whose folds have some resemblance to the teeth of a comb. This 
membrane, the “collar,” is seen in different conditions of protrusion 
or retraction in Figs. 234, 238. The stomach may, in this group, 
be preceded by a muscular gizzard (Fig. 238, C, «/). 

Occurrence. — By far the larger number of the Polyzoa are 
inhabitants of the sea. A recently published catalogue 4 of 
marine Polyzoa includes nearly 1700 living species; and of 
these, the great majority belong to the Gymnolaemata. This 
group is further known to include an enormous number of fossil 
forms. Not only do we find that in living Polyzoa the mem- 
bers of a single Order largely outnumber the remainder of the 
Polyzoa, but we may further notice that the Cheilostomata, one 
of the sub-Orders of the dominant group, are at present largely 
in excess of the whole of the rest of the Polyzoa taken together. 

Tolyzoa may be collected with ease on almost any part of our 
coasts. The fronds of the “sea-mat” ( Flvstra foliacea ) are 
thrown up by the waves in thousands in places where the 
bottom is shallow and sandy. The bases of the larger seaweeds 
growing on rocks between tide-marks are nearly always thickly 
covered with encrustations of Flustrclla hispida or of species of 
Alcyonidium, in places where they are kept moist by being 
covered with a sufficiently thick layer of other algae. Rocks 
which are protected from the sun may be coated with calcareous 
Cheilostomes ; and these are also found, in company with branch- 
ing Polyzoa of various kinds, on the bases of the Laminaria 
thrown up by gales or exposed at spring tides. The graceful 
spirals of Bugxda turbinata (Fig. 233, A) may be found hanging 
from the rocks at extreme low water ; while colonies of Scimpo- 
cellaria, remarkable for their vibracula (see p. 484), are common 
in many places between tide-marks. Certain species affect the 
mouths of estuaries. 

\ ci ™ U ; <rr ^«. mouth. s X‘**ot, lip. 3 rrtlt, comb. 

Mlw E. C. Jelly, Synonymic Cal. Recent Marine Bryozoa, London, 1SS9. 
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Membranipora membranacea commonly covers many square 
inches of the frond of Laminaria with its delicate lace-like 
encrustation. Nitsche 1 has shown that this species has its 
calcareous matter deposited in plates, separated by intervals of 
uncalcified ectocyst. The effect of this arrangement is to make 
the colony flexible, and to enable it to adapt its shape to the 
movements of the Laminaria, which is swayed to and fro by 
the action of the waves. Many of the calcareous forms grow- 
ing on Laminaria have no special arrangement of this kind, 
and they accordingly grow in colonies whose area is so small 
that the greatest movements to which the seaweed is liable are 
not sufficient to crack or break the colony. 

Many species show a decided, or even exclusive, preference 
for particular situations ; as, for instance, species of Triticella, 
which are only found on certain Crustacea. Many encrusting 
forms prefer the inside of dead shells of Pecten, Cyprina, etc., to 
any other habitat. Terebripora 2 excavates tubular cavities in 
the substance of the shells of Molluscs. Hypophorclla 3 inhabits 
passages which it forms in the walls of the tubes of the I’oly- 
cliaets, Lanice and Chaetopterus. Lepralia foliacta, one of the 
Cheilostomata, forms masses which may reach a circumference of 
several feet, simulating a small coral-reef. Its contorted plates are 
a regular museum of Polyzoa, so numerous are the species wliic i 
delight to find shelter in the quiet interstices of the colony. The 
exquisite little colonies of Crisia eburnea are commonly foun on 
red seaweeds, or on the branches of the Hy droid Sertidaria. 

The Polyzoa are found at all depths,' certain Chedostomes 
having been recorded from 3000 fathoms. The Cjclostomes 
dredged by the “Challenger” were all found in depths of ^1000 
fathoms or less, while the Ctenostomes are a distmctly shallow 
water group, most having been found at less than^40 a 10 ms, 

and only three at so great a depth as 150 fathoms. 4 

A few forms {Membranipora pilosa, Scrupocellaria reptaius, etc.; 

are known to be phosphorescent ; 5 but it is not known w a is 
the purpose of this phenomenon. 


1 Zeitschr. iciss. Zool. xxi. 1871, p. 421. 

9 Fischer, Nouv. Arch. Mus. Pans, ii. 1866, p. 293. . Dclania) 

9 Killers, Abh. Gcs. Gotti, ujcn, xxi. 1876, p. 3, ami Joy eux-La time, (as Velagxa, 

Arch. Zool. Exp. 2 ser. vi. 1888, p. 135. 

« Busk, “Challenger" Reports, Parts 30 and 50. 

» Hincks, Brit. Marine Polyzoa, Introduction, p. cxxxv. 
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External Form. — The Polyzoa 
may Vie roughly divided into (1) 
encrusting forms, usually calcare- 
ous, but sometimes soft; and (2) 
erect forms, which are either rigid 
or flexible. This flexibility can 
coexist with a highly calcified 
ectocyst, as in Crisia (Fig. 237). 
Cellaria, and others in which the 
branches are interrupted at inter- 
vals by chitinous joints. The 
coral-like forms may assume the 
most exquisite shapes, pre-eminent 
among which are the lovely net- 
like colonies of Hetepora. Polyzoa 
of this type are seldom found be- 
tween tide - marks, where their 
brittle branches would be liable to 
be snapped off by the waves. The 
erect species which occur in such 
positions are flexible, although 
flexible species are by no means 
restricted to the zone between 
tide-marks. 

Although the form of the 
colony is very different in different 
Polyzoa, a pocket-lens will usually 
show whether a given specimen 
belongs to the group or not.. The 
surface is nearly always more or 
less distinctly composed of zooecia, 
or at least shows their orifices. 
The entire colony may be built up 
of these zooecia ; and this is by 
far the commonest arrangement, 
both in encrusting and in erect 
forms. In certain genera, how- 
ever, and particularly in some 
Ctenostomes (Fig. 238), and iu 
most of the Entoprocta, the indi- 



Fig. 237. — Crisia ramosa Harmer, Ply- 
mouth. A, Em! of a branch, x 1; B, 
another branch, x 20, showing tho 
chitinous joints, tho tubular zooecia 
characteristic of Cyclostomata, ;uul 
the jurar* shaped ovicell with a l\muel- 
shajictl oritice at ils upper end. 
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victuals grow out at intervals from a cylindrical stem or “ stolon ” 
(■ st ), which is not composed of zooecia. 

The Cyclostomata may assume an erect or encrusting habit. 
Their zooecia are always more or less cylindrical ; the upper ends 
being often completely free, although in many cases the whole 
zooecium is closely adnate to its neighbours. In the breeding 
season the forms which belong to this group are provided with 
curious “ ovicells,” which contain the embryos. These may 



Fig. 238 . — Boujerbankia 
pustulosa Ell. and Sol., 
Plymouth. A, Fragment 
of a colony, natural size, 
showing the branching 
stem, bearing tufts of 
zooecia : B, one of these 
tufts, with the growing 
apex of the stem(*/) f x 27 ; 

b, young zooecia (buds) ; 

c, the “collar” charac- 
teristic of Ctenostomata ; 
/, tentacles: C, a single 
zooecium, with expanded 
tentacles, more highly 
magnified ; a, anus ; c 9 
collar ; fj , gizzard ; t, in- 
testine ; o t oesophagus ; 
s , stomach. 


either he pear-shaped swellings on the branches (Crisia, *ig. 
237), or they may form inflations of the surface, between the 
zooecia. The mature ovicell is provided with one or more open- 

ings, through which the larvae escape. 

The Ctenostomata rarely have even the slightest trace o ca ca 
i-eous matter. Alcyonidium and its allies form soft encrustations 
or may even grow into erect masses six inches or more in iel g 1 
(A. yclatinosum). In this type the zooecia are often so closely 
united that it may he difficult or impossible to make out then 
limits in the living colony. Many of the dendritic or branching 
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C’U’iiostoiues 1 Fig. 238) ale characterised by an extreme delicacy 
°t bahit. Tllt? zooecia in these cases are sharply marked off from 
the 8tw '»* T1,t *y are either cylindrical or ovoid, being commonlv 
attached by a very narrow base, so that in some species they 
readily fall off, and may thus be completely absent in certain parts 
of the colony. In such forms as Vesicul«ria spinosa, it requires 
considerable experience to recognise a stem which has lost its 
zooecia as being part of a Polyzoon. In ,1 Kmosclla the zooecia 
possess a remarkable power of movement on the stem, similar 
to that possessed by the leaflets of the Sensitive Plant. 1 In 
certain forms {liowcrbanlcia, Amuthia) the zooecia occur in <noui>s 
separated by intervals which are devoid of zooecia, but in other 
cases they may have a more irregular arrangement. The collar 
to which this group owes its name is by no means a conspicuous 
It8 Position when retracted has been shown in Fi- 
-<>4, while hig. 238 further illustrates its relations. 

The Cheilostomatft grow in a great variety of forms, and also 
show a wide range of character in their zooecia. The orifice is 
commonly surrounded by stiff spines (Fig. 257. p. 524) which 

^ a! ;: protecting the donate po ^ do 

from the sudden ....pact of foreign bodies. These sph.es may 

forms Of" M in ^laria ciliata. and some 
nns of Elect* a (Membranipora) pi/osa (Fig. 256 A) 

The operculum is usually, though by no means always a con 

spicuous feature of the Cheilostome zooecium. It is invariably 

line tha°T C °! l f 8 ^ nc > r ' a,ld is more or less semicircular in out- 

o2s T r' 8 SS f0 T 1 ' 8 a hiu S e ou wh *h th. operculum 

uiargin or - 255 % * “ ™-d 

situated at the bottom of a ’ C) ’ the operculum is then 

concealed from la tSST “f*' “ Ud “V 

the zooecium is membranous (Jiuyula F !!° igU® .1™'* "“‘1 °‘ 
is merely a mrf nf fiWo , v the operculum 

and in cases of this kind^t! * mne ’ au<i so is ( l uit ? inconspicuous : 

by an arcTed spine! ^ ^ * ***** 

zooecium (Fig. 254 /) Tim ov’ t 11 eVclopecl from one side of the 

feature of this group ultimo l n* * UnS colunionl y 11 conspicuous 

mentally from those^ofr i" ! ^ believetl to differ fxmda- 

belniet-hke^oveidno-^vpi'b OSt ^ Uiat< i ^ havo tb » *™u of a 

o vei hanging the orifice (Figs. 240, 241), 

1 Hincks, Brit. Mur. Pohjzoa, i. p. 558 . 

2 i 
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and may be either prominent or more or less concealed by the 
growth of adjacent parts of the zooecia. The presence of ovicells 
of this description is perfectly distinctive of the Cheilostomata. 

Avicularia and Vibracula. — Most singular of the external 
appendages of the Cheilostomata are the extraordinary “avicu- 
laria” and “vibracula ” of some genera. 1 By the comparison of a 
carefully selected series of genera, it has been established that the 
avicularium is a special modification of a zooecium. One of its 
least modified forms is found in Flustra foliacea (Fig. 232), 


W. 2 



77V 



B 



Fro. 239. — Forms of aviculnrio. A. CeUaria 

lnrinn zooecium, with closed two avicu i a rift ; m, opened 

unicornis Jolinst., Scill> I s -» * ’ f • C zooecium of SniiUio, landsltorovu 

: u -«■. 

where the avicularia W 

huge operculum ( ™ ndl 1 > Schizothrrn , etc., the avicularium 

occur m Cell ana (Mg- zou, aj. These are the 

occupying the place of an ordinary zooecium. These 

“ vicarious ” avicularia of Mr. Bud. the avicn larian 

In the next stage (*igs. -89, B, - , ) 

zooecium is further reduced; it ^ n tZ 

in the series of individuals, and is found instead seatea o 

.. d S«J5 

avicularium now consists of a niutn . w 
the well-developed operculum or mandible. 

. Hindu, ** ,f»r. ^ ~ 

the British Museum, part n. 185-1, P- 
a J. Linn. Soc. xv. 1881, p. 359. 
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Having arrived at this point, the avicularia seem to lose all 
sense of the propriety of remaining in the positions once occupied 
by zooecia. They have become degraded to the rank of append- 
ages of the zooecia, and as such they may occur in an astonishing 
variety of positions. Sometimes one occurs on each zooeciuin in 
the middle line, or asymmetrically, or even on the top of the 
ovicell ; in other eases the 




orifice is flanked by an avi- j ^\(\ 

eulariuin on each side (Fig. [) Clf 

239, B). Sometimes (Celle- If 

pora) the avicularia are of 

more than one kind, some | A, /MJ 'I y‘ a P 

being large and some small, I 1 wJ^SSrn ' T 

some having a pointed man- 

dible and others a mandible 0 \FjRV 
with a rounded spoon-like 

In the cymes so far con- \l I B\d -<*' 

sidered, the body of the k ||J I I ^ jM* Hr 

avicularium is fixed. The I ft I 

highest differentiation * W% 1 
aecpiired by these structures III /t 

occm-s in cases like Bug ala, 

where they are borne on j * 

flexible stalks, which may B || 1J[ Of if 

even exceed the avicularia ' l| 

in length. 1 

In Bug ul a turbinata (Fig. '* <S5 ©|R^, 

240) each zooecinni is pro- Tp$jj!/t 

vide( l with one of these A 

appendages, attached to the ^ 240 - , * 

t 0 *::*: t e a K 

urt mU cJ: e ,a a ^ ul ti::L2^f w t o h ed8es ° f the flattened “ 

upper jaw ia^trengthened bv a LT", V" The 

of the eetocyst, which nassca ™ °/ ^littress, 01 ' thickening 

to the lunge-line of its mandiblT ° Th * 801083 ^ avil!ularium 

IS strongly hooked while , u K ier P art of the ^ 

■ ■■ p,;„ “ P ° f the “audible bears a 

Challenger - Report, p. tt ^ ^ 


u- 
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prominent spike, which fits inside the upper beak when the jaw 
snaps. A great part of the head is filled with a strong muscle, 
whose fibres exhibit a distinct transverse striation. and converge 
into a median tendon. The latter is inserted into the middle 
of the mandible. The muscle serves to close the jaws, and is 
the representative of the muscles by which the operculum is 
closed iu an ordinary zooecium. The lower jaw is opened by 
means of a pair of muscles which are situated immediately under 



the ectocyst of the avicularium, and pass into the mandible close 
to its hinge. 

Within the jaws, in the region which we may term the 
palate, is a rounded knob, which bears a tuft of delicate sensory 
hairs, which doubtless enable the avicularium to recognise the 
presence of any foreign body. The closure of the mouth may 
indeed be instantaneously induced by touching it with the pom 
of a needle. It has been suggested that a small mass of ce s 
which bears these hairs may represent the rudiment of a 


polypide. 

The “ vibraeulum ” (Fig. 
in which the mandible has 


242 ) is regarded as an avicularium 
W-ome elongated, so as to form a 
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thin, ehitinous “ seta,” wliich from time to time moves through the 
water. The part of the vibraculum which represents the zooecium 
commonly bears a tubular rootlet, used for attaching the colony 
to the substance on wliich it is growing (Fig. 254, p. 517). 

In Microjiorella ciliata (Fig. 241, A) the avieularia are very 
variable, and in some cases hike on a “ vibraculoid ” character. 
But in the fully-developed vibraculum (Fig. 242) there is usually 
no such compromise of characters. It may, however, be noted 
that Scru])oceUaria scabra (Fig. 254), which belongs to a genus 
characterised by its highly differentiated vibracula, possesses 
structures ( v.z ) which could hardly be distinguished from avicu- 
laria were it not for the presence of the rootlet (r). 

In the course of some observations which I had the oppor- 
tunity of making on Buguln ealcithus at Naples, a fine hair offered 
to a small colony was seized with such force by the avieularia 
that the entire colony was lifted out of the water by the hair. 
The same colony had captured (1) a small Nereis, which it held 
with several of its avieularia; (2) an Anisopod Crustacean, 2,V 
mm. long ; and (3) a small Amphipod, which was held by one of 
its antennae. The Anisopod was held by the tip of one leg with 
one avicularium, and by the penultimate joint of one of its chelae 
with an avicularium of another branch. It was captured in such 
a way that its chela, the “ hand ” of which was about half as Ion- 
as the avicularium, actually closed on to the avicularium without 
being able to effect its escape. A little later the other chela was 
caught by another avicularium. Curiously enough, however, an 
avicularium did not necessarily close even when part of a captured 

an^n^T T tWlU l ^ itS m ° Uth - The made no 

catch i no- f° , the ! nS ? lveS ln ttn advantageous position for 

catching fresh parts of the Nereis, which they might easily have 

less 6 Tim ^ ,CUlttriU W , h * Ch had Captured pre >* remained motion- 
less The others moved backwards and forwards (cf. the various 

rminm aV1CU l laria 8hown “ Fi S* 240) ten times in £ to 

two Tr \ SnaPP1Ug lr jaWS Perhaps once in that time. The 

Ir Cr I Wer : 1 iU b * the -icularia two day 

later. On the next day they had both disappeared- but the 

i^TJ '^caught the Nereis, which had previously effected 
its -cape with the loss of nearly all its tentaciL cireh 

net T T ” h&ery * tlom > and others which have been recorded do 
not, unfortunately, give any information as to the purposf of the 
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movements of the avicularia and vibracula. It is obvious that 
they may be defensive in character ; and it cannot be doubted 

that the avicidaria can prevent 
inquisitive worms from stray- 
ing at will over the surface of 
the colony. There is no evi- 
dence to show that animals are 
discouraged from interfering 
with a Bugula owing to the 
presence of its defensive weapons. 

It is not, indeed, certain 
what are the enemies against 
which the Polyzoa have specially 
to guard. Sea-urchins and cer- 
tain Molluscs are known to 
browse on Polyzoa. Fresh- 
water Polyzoa, in which avicu- 
laria and vibracula are absent, 
are attacked by the larvae of 
Insects, and by Triclad Plauar- 
ians. I have found the latter 
with their long pharynx everted 
and completely buried in a 
Cristatella colony. It is pos- 
sible that some marine Cheilo- 
s tomes may be saved from 
attacks of this kind owing to 
the existence of their armoury 
of avicidaria and vibracula. 
It is also possible that these 
structures are of service by 
removing foreign particles which 
might otherwise settle on the 

Fia. 242. — Caberea eUisii Flem., Norway, colony, and tend to block up 

x 40. Back view of part of a branch. or ifi ce s It has further 

The large vibracular zooecia ( v.z ) occupy *tS Onnces. . , 

nearly the wholo of the surface. », l^jen suggested that animals 

Seta of vibraculuin ; =, zooecia. seized ^ the av i cu la r i a may 

be held until they die, and that then- disintegrating particles 
may then be carried to the mouths of the polypides by the ciliary 
currents of the tentacles; but proofs of this suggestion are 
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wanting, and it must be admitted that the subject needs further 
elucidation. 

The vibracida ordinarily remain stationary for some little 
time, every now and then giving a sweep through the water. In 
the majority of cases these structures, like the avicularia, act 
perfectly independently of one another, so far as can be made 
out ; but in Caberea (Fig. 242) the vibracula move in unison, 
the simultaneous action of the whole series, after a period of 
quiet, being described as “ positively startling.” 1 

It lias been stated by Busk 2 that the entire colony in Selen- 
aria and lunulites may be moved from place to place by the 
large vibracula which these forms possess. 

Entoprocta.— The Entoproeta, although a very small sub- 
class, deserve special consideration, if for no other reason, from 



* 1Ci ^ 4 . 3 :. f e<l ' ccJ I>na ternua FalL. Guernsey. Entire colony. x 27. The colony has 
^hreegto wing end*. « ,• 1-8, individuals of colony; 1 aud 8 are quite immature ; 

leS n:tr ? c . U ^ ) is Sti11 y° un «5 2 » is Men ln longitudinal section; a, 
? lhe 8811811011 : mouth •* r * recta “> J stomach; 

in 1 Z a ? t , hr * e embryos ,u lhe t rood-pouch ; the tentacles are retracted ; 

„r H . , te A n ^ lea , aTe expanded ; iu 6 two embryos are seen within the circle 

is in' thea^oT’w th ° left , of the “ ia th « rectum, and to the right the mouth; 3 
„;J e f J ° fta 8 , ,t3C * 1 ^ and has already developed the beginning of a new 

LfkeV off ‘frem^o slllL nmary h " ^ “ d th ° neW ^ U cleari y 


the fact that many writers regard them as the most primitive 
O roup of l^olyzoa, and consequently as the forms which show 
most affinity to other classes of animals. 

Their most obvious characteristic is, as we have already seen, 8 
the position of the anus within the circle of tentacles. The 
in ivi ua s formed by budding always remain more separate from 
one another than those of most Ectoprocta. 

„ 1 Hincka, Brit . Mar. Polyzoa, i. p. 58. 

' MU3 ' Cat - P ar t b. 1854, p. 106 ; Hincks, t. cit. p. 181 «. * p. 475 . 
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The commonest Entoproctous genus is Ee dicellin a, a graceful 
little animal, which occurs on many parts of our coast. It may 
often be discovered by looking carefully on the pink, jointed, 
calcareous alga, Corallina, which may be found growing at the 
edges of deep and cool rock-pools not too far above low-water 
mark. Its creeping stem or “ stolon ” is firmly attached to the sur- 
face of the seaweed, and sends off vertical stems here and there . 1 
Each stem bears a “ calyx,” which is practically an individual of 
the colony. The stolon terminates, at one or both ends, in a 
growing-point («), from which new individuals are budded off. 
The stalks bend from time to time in a curious spasmodic m anner, 
by which means the calyces are moved about with an irritable 
and angry air. A good idea of the way in which the tentacles 
are folded away when the animal is disturbed may be obtained 
by putting the two wrists together, with the fingers spread out 
to represent the tentacles, the retraction of which would be repre- 
sented by turning the tips of the fingers down into the space, the 
“ vestibule,” between the two palms. A delicate fold of skin 
growing from the edge of the calyx closes over the retracted 
tentacles, owing to the contraction of a sphincter muscle present 
in its circular edge. The body- wall is not separated from the 
alimentary canal by a definite ^pody-cavity, so tliat^thgre is no 
obvious distinction between the pnlypide and the zooecium . The 
existence of the Entoprocta is in fact a strong reason for refusing 
to admit that these two terms correspond with two different 
kinds of individug^P^ 

Let us now imagine the condition we should have if a large 
and continuous cavity were developed between the alimentary 
canal and the body-wall. The body-wall would clearly have the. 
general relations of a zooecium, while the alimentary canal and 
tentacles would obviously correspond with the polypide. The 
existence of the body -cavity would make it possible for the animal 
to retract its tentacles instead of merely turning them in. Re- 
garded in this way, there is but little difficulty in comparing the 

Ectoprocta with the Entoprocta. 

The calyces are deciduous, i.e. they are lost from time to 
time, the end of the stalk then producing a polypide-bud, which 

* Barcntsia Hincks ( = Mcopodaria Busk) differs from Pcdicdliw i« that ^ch 
stem lias a muscular swelling at its base. The genus is represented by two Bnt 
species, B. ijracilis Sars and B. nodosa Lomas. 
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forms the vestibule and alimentary canal of a new calyx. Hence 
the phenomenon which may so commonly be noticed in Prdieellina 
of a “ young head on old shoulders.” The loss of the calyces may 
have some relation to the formation of the “ brown bodies ” in the 
Ectoprocta. 

Another Entoproct, Loxosoma (Fig. 245) is remarkable for 
being the only Polyzoon which is not colonial. The buds, which 
are formed in two lateral series, break off as soon as they are 
mature, and at once begin to lead an independent existence. 
Loxosoma is further remarkable for being almost invariably 
found commensally with other animals, where it may occur in 
enormous numbers. L. phascolosomatum, common in the Channel 
Islands, is only found on the tip of the tail of Phascolosovui 
(see p. 428), which inhabits the mud of Zoster a Other 
species are found on the external surface of 
certain sponges ( Tethya , Eusponyia, Caco- 
sporujia ) ; or on the outside of a compound 
Ascidian, Leploclinum, which may itself be 
carried about as a detachable covering on 
the back of a crab ( Dromia ). Another 
species is found on the ventral surface of 
the Polychaet Aphrodite, and of its ally 
Hermione. 

L. annelidicola, an interesting species 
recently investigated by Prouho, 1 was origi- 
nally described in 1863 as a Trematode, 
under the name of Cyclatella. It escaped 
lurther notice until it was again found in 
the neighbourhood of Boscoff, in Brittany, on 
certain Polychaets belonging to the family 
Maldanidae (see p. 332). The calyx has a 
very flattened form, and is borne on a short 
stalk, which terminates in a large attaching 
disc, formerly mistaken for the sucker of a Trematode. The 
features in which this species differs from other members of the 
genus are shown by M. Prouho to be correlated with its mode of 
life. Ihe animal has the habit of lying flat on its back, the 
disc at the end of its stalk being firmly attached to the skin of 
the worm, and its short stalk being bent round into u curve so 

1 Arth. Zool Exp. 2 s4r. ix. 1891, p. 91. 



Fig. 244. — Side view of 
LoxosouTa annelidicola 
Van Beu. ami Hesse, 
x 50. (From Prouho.) 


1 
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as to bring the calyx into a supine position, with its loDhophore 
directed upwards. This habit, together with its flattened form, 
prevents it from being crushed between the worm and its tube. 
But without some further provision its position might be merely 
a source of danger. For supposing the calyx to be directed 
backwards in relation to the worm, a sudden backward move- 
ment of the latter into its tube might bring the Loxosoma into 
fatal contact with the inner surface of the tube. There would 

obviously not be sufficient room to 
turn round in a vertical plane, so as to 
bring the body into a position of 
safety, i.e. into a position in which it 
moves stalk first. But by a beautiful 
arrangement of the muscles of its stalk 
this movement is effected in a hori- 
zontal plane ; on touching the Loxosoma 
with the point of a needle it would 
swing round in this way through 180" 
with “ une rapidite qui <5 tonne.” 

Urneitella 1 is a beautiful form with 
a segmented stalk, the stalks usually 
arising in pairs from a common bsise. 
It has at present only been found in 
fresh water in the United States. 

In Pedicellina the plane of the 
lophophore is at right angles to the 
stalk, which is separated from its calyx 
by a marked constriction. In Loxo- 
soma the lophophore is set obliquely, 2 
and there is no constriction at the base 
of the calyx. In Urnatella we find an 
intermediate condition, the lophophore resembling that of Loxo- 
soma, while the constriction at the base of the calyx is similar 
to that of Pedicellina. Since the latter is known to pass in its 
development 3 through a stage with an oblique lophophore, it 
may be presumed that Loxosoma is a more archaic form than 
Pedicellina. In other respects, the structure of the Entoprocta 
is very constant, whatever the genua 

1 For structure, see Davenport, Bull. Mxu. Harvard , xxiv. 1893, p. 1. 

Xo{6r, oblique ; o^a, body. 3 Quart. J. Mite. Sci. xxvii. 1887, pi. xxi. Fife 10. 


O 



Fid. 245. — Diagram of the struc- 
ture of IsO.Msunui, seen from 
the oesophageal side, x about 
70. ft, Anus ; h, biuls ; t, 
excretory organ \f, foot-gland ; 
g, ganglion ; yn, generative 
organs ; o, orifice of vestibule ; 
oc, oesophagus ; s , stomach ; 
/, retracted teutacles. 
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A pair of ciliated excretory tubes open into the vestibule. 
These are similar in structure to the “ head-kidneys ” of the 
larvae of Polyehaet worms, or to the excretory organs of adult 
Rotifers. Flame-cells have been described by Davenport in 
the stalk of UrnatcUa , but it is not known whether they are 
connected with the excretory tubes of the calyx. The animals 
are either hermaphrodite or have separate sexes, and the gener- 
ative organs open by ducts of their own into the vestibule. 
The nervous system consists of a ganglion placed between the 
mouth and the anus, giving off a set of nerves, many of which 
end in delicate tactile hairs placed on the tentacles or other 
parts of the body . 1 

1 For a recent account of the Entoprocta, seo Ehlers, Zur Kenntniss d. Pedicol- 
lineen,” Abh. Gcs. Gottingen, xxxvi. 1890, No. iii. 
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FRESH - WATER POLYZOA PHYLACTOLAEMATA OCCURRENCE 

STRUCTURE OF CRISTA TELL A DIVISION OF COLONY MOVE- 
MENTS OF COLONY RETRACTION AND PROTRUSION OF POLY- 

PIDES IN POLYZOA STATOBLASTS TABLE FOR DETERMINATION 

OF GENERA OF FRESH-WATER POLYZOA REPRODUCTIVE PRO- 
CESSES OF POLYZOA DEVELOPMENT AFFINITIES META- 
MORPHOSIS BUDDING. 

Fresh-water Polyzoa. — Although the Gymnolaemata jure 
ordinarily marine animals, fresh-water examples from this Order are 
not altogether wanting. The Ctenostomata among the typically 
marine groups show the most tendency to stray into fresh-water. 

A/cyonidium and Bowcrbankia (Fig. 238) flourish in estuaries, 
while Victorclla and Paludicella (Fig. 250) are only known as 
fresh or brackish water forms. Victorclla was named alter the 
Victoria Hocks in London, where it was first found ; more recently 
it has also been discovered in other parts ol England and on the 
Continent. 1 

The systematic position of the genera Hislopia and j\ T orodonut - 
which have been described from fresh water of India and China 
respectively, is at present uncertain. The undoubted Cheilostome 
Me mbranipora has, however, a British representative ( M. inono- 
stachys), which occurs in brackish water, in ditches on the coast 
of East Anglia. It is there known to form “ friable, irregularly- 
shaped, sponge-like masses,” which grow on water-plants. 3 

' Kraepclin, K., “Die deutschcn SiissWasser-Biyozocn.”— AUi. Vcr. Hamburg, 
x. 1887, No. 9, p. 95. 

Jullicn, Bull. &*. Zool. France , x. 1885, ]«. 92. 

1 Hi neks, Brit. Marine Poltjzoa y i. p. 132. 
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The Entopiocta, us we have seeu, are represented in fresh water 
by the genus Urnatella. 

The Phylactolaemata are an exclusively fresh-water group, 
and they are believed by Kraepelin 1 to have been derived from the 
L’tenostomata. Many of their special peculiarities can, with great 
probability, be regarded as adaptations to a fresh-water existence. 
This is particularly clear in the all but universal habit of dying 
down in the winter, and in the occurrence of the so-called 
statoblasts (Fig. 251), which are hard-shelled reproductive 
bodies, absolutely restricted to the Phylactolaemata, and capable 
of resisting the winter’s cold and even a certain amount of 
drying up. Phylactolaemata have indeed been recorded from 
the tropics ; but it is not yet sufficiently clear how they there 
behave in these respects. F. Muller 2 has found these animals in 
Brazil, where they are said to be more common at certain periods 
of the year than at others. Stuhlmanu has found them in 
Tropical Africa (Victoria Nyanza, etc.); 3 and Meissner 4 has 
discov < T -ed the sessile statoblasts of Plumatella on the shells 
pres /ed in the Berlin Museum, of species of the Mollusc 
Aetheria from various localities in Africa. Fresh-water repre- 
sentatives of a considerable number of other groups of animuls 
agree with the Phylactolaemata in the possession of reproductive 
bodies which are protected by hard coats. Such, for instance, 
are the ephippian ova of Daphnia — bodies which have an extra- 
ordinary external similarity to statoblasts — the gennnules of 
Spougillidae, the w’inter-eggs of Khabdocoels and Rotifers, and 
the cysts of Protozoa. The evolutiou of these bodies in so many 
widely different cases may have l>een due to the selection of 
variations calculated to minimise the dangers attendant on the 
drying up of the water in summer, or on its freezing in winter. 

The Phylactolaemata are by no means uncommon, although 
they can seldom be found without a careful search. Their pres- 
ence may often be detected by taking advantage of the property 
of the free statoblasts of rising to the top of the water, where they 
can be discovered by skimming the surface with a fine hand-net. 

The colonies themselves are usually found attached to water- 
plants, roots of trees or stones. Most of them flourish best in 

1 T. at., p. 167. a Quoted by Krnepolin, t. cit., p. 83. 

3 Kraepelin, Abli, Vcr. Jfambunj, xii. 1893, No. 2, p. 65. 

4 Zwl. Aiu., xvi. 1893 (1S94), p. 885. 
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a zone not more than two feet below the surface. Certain species 
show a perference for floating leaves, such as those of water-lilies, 
where they are not liable to be dried up by alterations in the 
level of the water. Some forms (e.g. PI innate// a. Fig. 24 G) are, 
however, able to withstand being dried for some time. Most 
species prefer shady places, and accordingly settle on the lower 
sides of leaves and sticks. Others (e.g. Cristate/ 1 a, Fig. 247) 
have no objection to the direct rays of the sun. Most forms 
prefer still water, but one or two are found in running water. 

Frederic ell a is a common constituent of the deep-water fauna 
of Swiss Lakes (down to over forty fathoms) ; and reaches there 

a size considerably larger than the 
shallow-water form of the same species. 
PahuUcella is common at thirteen 
fathoms. These two genera, with 
Plumatclla, have l>een found in absolute 
darkness, under a pressure of 2^-5 £ 
atmospheres, in the Hamburg aque- 
duct. The Polyzoa and other organisms 
growing in the water-supply of Ham- 
burg were accused of being concerned 
in the spreading of cholera, during the 
recent epidemic, by choking up the 
water-pipes, and creating obstructions 
which formed a favourable nidus for 
the development of cholera-germs. 

The colony may take the form of a 
series of delicate, branching tubes 
nX C rlumatella, Fredericdla), of more mas- 
(fresh water), small part of a aggregations of parallel tubes (as 

in the Alcyouelloid forms of A- 
the leaf of a water-lily, natu- t e n a \ or G f gelatinous masses of vary- 
lai size. jug ( Lophopus , Cristatella). 

Cristatclla mured o (Fig. 247) is remarkable for its power of 
moving from place to place ; it consists of an elongated mass ot 
greenish, gelatinous substance, which, in its fully developed state, 
may reach a length of eight inches or more, with a transverse 
diameter of three-eighths of an inch. It has a flattened sole on 
which it crawls, while the graceful plumes of its numerous 
polypides protrude ;us a delicate fringe from its upper side. 


B 
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The tentacles are about eighty to ninety in number, ami they 
are, as in other l’hylactolaemata, united at their buses by a 
delicate web. The loplmphore is horse-shoe-shaped (Fig. 230, 3) 
throughout the group, with the exception of Frcdcricclla , in which 
genus it is circular. 

In some l'hylaetolaemata the polypide has been observed to 
interlace its tentacles, so that the plume becomes a kind of cage. 



Fio. 247 . — CrialattUa mucedo Cuv. (a small colony), R. Yare, above Norwich, x 24. 

in which the more active Infusoria are imprisoned until their 
struggles have so far weakened them that they are swept into 
the month by the action of the cilia of the tentacles. 1 

Around the edge of the Cristatclla is found a zone of budding 
tissue, which gives rise continuously to new individuals. Now, 
whereas in Gymnolaemata the growing edge gives rise to zooecia, 
whose cavities become completely cut oil* from that of the older 
ones ; in Phylactolaemata the partitions between the zooecia ore 
never completed. The body-cavity of Cristatclla is thus a con- 
tinuous space, interrupted at the margin only by vertical septa 
(see lig. 247), which represent the partitions between the 
zooecia of other forms. 

The body-wall consists of two epithelial layers of ectoderm 
and mesoderm, between which is a layer of muscular fibres. 

Hyatt, Proc. Essex Institute (U.S.A.) (reprint from vols. iv., v. 1SG6-1SGS), p. 9. 


496 


POLYZOA 


CHAP. 


Parts of the epithelium lining the body-cavity are ciliated. 
Into the common body-cavity hang the polypide-buds at the 
edge of the colony, and the mature polypides in the more central 
regions. There are usually three rows of polypides on either 
side of the middle line, in the neighbourhood of which is an 
area devoid of polypides, but containing “ brown bodies ” and 
statoblasts. The polypides nearest to the middle line pass in 
succession into the condition of “ brown bodies,” while young 
buds near the margin glow up coincidently to form new 
polypides. 

The movement of the colony is in the direction of the long 
axis, although either end may go first. Sir John Dalyell records 
an observation 1 on a specimen (about one inch long) which was 
artificially divided into two halves. The two halves “ receded 
from each other as if by common consent,” and were nearly an 
inch apart in twenty hours. 

An observation made at Cambridge on a small colony ot 
about 7 mm. in greatest length gave the following results. 
The colony moved 13 mm. (nearly twice its own length) in 
hours: in the next 40 hours it moved 20 mm. (-$ inch); 
while in the following 24 hours it moved only 6 mm. Large 
colonies change their place only with reluctance. 

The locomotive power possessed by Cristatclla is not unique 
among Phylactolaemata. Lophopus, the first fresh-water Polyzoon 
of which any description was published, was originally described 
by Trembley in 1744 under the name of the “ Polype h pannache.” 
Trembley observed the spontaneous division of the colony, 
followed by the gradual separation from one another of the 
daughter-colonies. 2 The power of dividing spontaneously is also 
possessed by colonies of Cristatclla and of Pcctinatclla. 

The colonies of Lopliopus are surrounded by an excessively 
hyaline ectocyst, and are usually triangular, as shown by lig. 
048 When division is about to occur, the base of the triangle 
becomes indented, and the indentation travels towards the apex 
in such a way as to bisect the triangle. The two halves diverge 
from one another during the process, so that before division is 
complete, they are looking, in some cases, in opposite directions. 


1 Jturr. ami ntimokuble Animals of ScoUaiul, ii. 1848, ]>. 93. 

* Trembley, Jfr'*. llist. 1744 ; in „ 217 The processes 

arc describe,! by baker, Enjoyment for the Marasco new ed. 1/8.,, p. 311. 
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Alter a time the narrow connection breaks, ami two new colonies 


are formed. 

Fig. 248 shows a colony shortly after division lias taken place. 
Tiie colony had moved forwards, in 


a direction away from its apex, for 
three days in a nearly straight 
line, the distances moved in each 
day being respectively G, 8|-, 8-i- 
mm. These observations, for which 
l am indebted to Mr. Lister, show 
a considerably higher speed than 
in those recorded by Tremblcy, 
who observed no colony which 
moved more than half an inch 
(12 5 nun.) in eight days. 

The genus Pectinatellu also has 
some power of locomotion. This 
magnificent I’olyzoon occurs in 
masses several feet in length (as 
much as six feet in P. yclatinosa 
from Japan 1 ), and four to eight 
inches in thickness. The greater 
part of P. magnified 2 consists of a 
thick, opaline, and gelatinous ecto- 
cyst, the upper surface of which is 
covered by hundreds of rosette-like 
colonies, which increase in number 
by division. The masses are thus 
aggregations of colonies, which 



Flo. 213 . — Lophopus cry stall inns Pali., 
Cambridge, showing th#* rite ol 
movement. The co!ony ami the 
distances moved are x 2. 


secrete a common basal ectocyst. The latter decays in the 
autumn ; and the separate rosettes, or groups of them, may thus 
be set free, being found as floating masses, which may again 
attach themselves to a solid object till the time of their death 
l ectinatella has not yet been recorded in England, although, con- 
sidering the ease with whicli statoblasts are transported, it is by 
no means improbable that it will eventually be recorded as a 

ii is i genus. It is at present known to inhabit America 
Jupau, aud Hamburg. 

It is by no means certain what is the mechanism bv which 


1 Oka, J. Coll. Japan , iv. 1891, i>. 90. 
VOL II 


3 Hyatt, t. cit. ]<. 99. 

2 K 
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movement takes place in the above cases. The ectocyst of Cm- 
tatella is confined to the base of the colony, and there forms a 
thin slimy film, which lubricates the surface over which the 
animal moves. It has been stated 1 that progression is produced 
in the following way. The polypides are withdrawn by means 
of retractor muscles, which originate from the septa and inner 
surface of the sole. Thus at each retraction of any polypide, the 
muscle pulls on a portion of the sole. Should the expanded 
polypides place themselves in a suitable position, the movement 
will be in the direction of the resultant of the forces due to the 
separate retractor muscles ; while it is probable that their cilia 
assist in the onward movement. It should be noted that it is 
definitely stated that a colony in which all the polypides are 
retracted can alter its position, 2 although even then the retractor 
muscles might still contract to some extent. 

The movement probably depends on several causes. It must 
probably be conceded that the sole itself has some effect on 
this process. Its outer cells are contractile, and have the power 
of raising themselves from the underlying ectocyst. They may 
then again attach themselves, and this new attachment does not 
always take place in exactly the same place as the former one. 
Any movement of the muscles of the sole, or^of the refcractor 
muscles, will thus shift the skin to a new place. 3 

Protrusion of the Polypide.— While it is perfectly clear 
that retraction is principally performed by the great retractor 
muscles acting directly on the polypide, it is less easy to explain 
the converse movement. There can, however, be little doubt 
that protrusion is effected by the pressure of the fluid of the 
body-cavity, caused in large part by contractions of the common 


Now since, in Cristatella, the body-cavity is a continuous 
space, any pressure on the fluid must act uniformly on all its 
contents. The cause which determines the protrusion of a po y 
pide is thus to a large extent the relaxation ot the sphinctei- 
muscle which surrounds its orifice, aided by special muscle 
which dilate the orifice. Any polypide which is retracted while 
the pressure of the fluid in the body-cavity is sufficient to keep 
other polypides protruded, must therefore keep either its retractor- 


Vcrworn ZMr. vi.«. tool. xlvi. 1888, p. 119. * Daiyell, 1 1- cit. p. 94. 

Kracpelin, Jbh. Vcr. Hamburg x. 188/, No. J, p. 14 . 
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muscles or its sphincter in a 
state of contraction in order to 
remain in that position. And 
as a matter of fact, Cristnlrlla 
and Lophopus differ from most 
other Polyzoa in the readiness 
with which they expand their 
tentacles, after they have been 
induced to retract themselves l»y 
mechanical irritation. 

PhanutcUa and other forms 
have a chitinous ectoeyst, which, 
however, is sticky when it is 
first formed. By virtue of this 
property, the branches become 
attached to the leaf on which 
the colony is growing, and may 
have their natural transparency 
obscured by taking up foreign 
bodies. The stiffness of the 
ectoeyst naturally involves some 
modification of the process by 
which the polypides are pro- 
truded. In some cases, this is 
effected by the separation of the 
endoevst from the ectoeyst in 
the lower parts of the tube. 

The muscles of the body-wall 
can thus press on the fluid of 
the body -cavity without being 
restrained by the inflexible ecto- 
cyst. In other cases, the tube 
of ectoeyst is rendered flexible 
by the presence of a thin line 

along one side where the chitin 
is deficient. 

The upper end of the re- 
tracted tentacle-sheath is con- 
nected with the body- wall by 

mown as the parieto- vaginal muscles (Fig. 240. v \ These 



Flo. 249. PlnmaUUn rrpc>,s I„, R. y ;w 
x JO. Aiiux ; b, polypi, le-bucl : e 
caecum of stomach ; </, duplicaturc ; <•’ 
cjnsloiuo • (s»-o p. -170) ; funiculus ; 
y, ganglion ; >/#, retractor muscle ; p 
parieto- vagina l muscles ; ph t pharynx • 
statuMasts attached to J\ 
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serve not only to dilate the orifice when protrusion is commenc- 
ing, hut also to prevent the polypide from being forced out too 
far. They are arranged in such a way that a circular fold, the 
duplicature (</), is never turned inside out, even in the state of 
complete protrusion of the polypide. 

The mechanism of the protrusion of the polypide in the 
Gymnolaemata is in many cases obscure. The body-wall is not 
muscular in this group, in some forms of which, however, short 
strands known as the parietal muscles (Fig. 234, pass across 
the body -cavity from one point to another of the zooeciuin. 
As doubts have been thrown on the function of these muscles in 


causing protrusion, it will be worth while to refer to the detailed 
and convincing statements of Farre, 1 relating to this point. 

Farre’s observations were made on certain transparent Cteno- 
stomes ( Bowcrbankia and JFarrella). He states that the parietal 
muscles “ were distinctly seen to contract whenever the protrusion 
of the animal took place, and to become relaxed again upon its 
retiring into its cell.” Their contraction may indent the outline 
of t he ectocyst, or may cause the separation of the endocyst from 
the ectocyst. The endocyst is then drawn into longitudinal lines 
at the origin and insertion of these fibres. It is further suggested 
that some part is played in the process by the muscular walls of 
the alimentary canal, which is a good deal bent in the retracted 
condition. The effort to straighten itself is believed to have 
some share in forcing out the polypide. The flexible, membran- 
ous character of the “aperture” (see p. 524) in Membrampora 
(Fig. 256, A) is said by Nitsclie 2 to be an arrangement for the 
protrusion of the polypides ; the parietal muscles passing from 
the lateral walls of the zooeciuin to the upper membranous wall, 
which is accordingly depressed by their contraction. 

Although it is hardly possible to doubt the accuracy of lanes 
observations, which have, moreover, been confirmed by H nicks it 
is by no means certain that this is the whole explanation m all 
cases Oka, 3 for instance, states that protrusion of the polypide 
in Phyla* --mata can be effected in a branch whose body-wall 
w been cut open. Pagans* believes that the diaphragm (Jig. 


* PhiL ? rans : 1 t 37, / P xx 3 i° 6 1871 426 3 J. Coll. Jajtan, iv. 1891, p. 113. 

2 Zrit&chr. mss. Zool. xxi. lo/i, p. o lullipn’s 

4 Zool. A>xz. xii. 18?9, p. 608. This paper contains references to M. Jullien s 

writings on the mechanism of protrusion. 
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2-34, d) acts as a pump, introducing water from the tentacle- 
sheath into the body-cavity, into which it is said by him to open, 
and so forcing out the polypide. It is probable that many of 
the forms which have a stiff, unyielding ectocyst possess special 
arrangements for introducing water in some way into the space 
bounded by the ectocyst, and so forcing out the polypide. Such, 
for instance, may be the median pore which occurs beneath the 
orifice in Micropurclla (Fig. 241, A, mj)), and in certain other cases. 

Reproduction of Phylactolaemata. — Sexual reproduction 
takes place in Cri state!! a from June to August. The sperma- 
tozoa are ordinarily produced on the funiculus. The ovaries 
usually occur on the inner side of the common wall of the 
colony, not far below the orifice of a polypide. Each ovary 
matures a single egg, which develops in situ, the free larva leav- 
ing the colony by the orifice of one of the degenerated polypides. 

A second method of reproduction takes place by means of 
the statoblasts, which are developed on the funiculus (Fig. 249). 
According to Verworn, 1 each statoblast arises from a single cell 
of the funiculus ; and on this view, the statoblast is, as supposed 
by the earlier observers, a special kind of winter-egg. Accord- 
ing to more recent researches, 2 the funiculus consists of" a 
central axis, formed from the ectoderm, and of an outer sheath 
of mesoderm-cells ; the statoblast is developed from the two kinds 
of cells of which the funiculus is composed, and is consequently 
comparable in its mode of origin to an ordinary bud. Its 
special peculiarities are : its origin as an internal bud, its posses- 
sion of a chitinous shell, and the fact that it is destined to 
leave the parent colony, and to develop, after a period of rest, 
into a new colony. Germination takes place by the forma- 
tion of a polypide-bud inside the statoblast, which finally splits 
a ong its equator into two halves. The contents emerge as a 
young colony which possesses at least one fully-formed polypide. 

Remarkable structures known as “ hibernacula ” occur in the 
lresh-water Ctenostomes, Paludicella and Victor dla. These bodies 
Q re in the former (Fig. 250, B) specially modified external buds, 
winch persist through the winter when the rest of the colony 
cues down. At the close of winter the shell splits into two 


l ,e£w. Zool. xlvi. 1888, p. 124. 

rnu Abh ‘ Vcr ‘ x *i- 1393, No. 2, p. 

(1W. n.) Hefts, 1890, pp. 66 f. 1 


47 ; Bracrn, Bibl. Zool . 
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halves, exactly as takes place in the statohlasts, and a young 
colony emerges. It is possible that the statohlasts may have 

been evolved from a hibemaculum, 
which was at first produced externally, 
but has become modified in such a way 
as to acquire an internal mode of origin. 1 

The simplest known statoblast is 
that of Fredericdla (Fig. 251, A), which 
differs from that of other Phylactolae- 
mata in having no ring of air-cells. In 
Plumatella, the statoblast (Fig. 251, B) 
has a broad equatorial ring of air-cells, 
which enable it to float at the surface of 
the water on the decay of the parent 
tubes. In some species, certain stato- 
blasts which are produced in the adherent 
parts of the colony remain attached to the 
substratum. These “ sessile statohlasts ” 
may have no trace of the ring of air- 
cells; but the fact that many sessile stato- 
„ , blasts have rudiments of this structure 

Fig. 250. — Paludicdla ehren - . I- 

bergi van Beneden, x about suggests that they are a secondary modi- 

3. A, Fort Of a colony With fication of the floating statoblast. In 
mains of part of a colony LophopuS (Fig. 25 1, C) the ring ot air- 
££ h “ w P ta t l” h e l’“,A, r ; cells is very broadband is pointed at each 
2 , zooecium. (From Krae- end; while in Cristatella (rig. 2,0 1, D) 
l>elin.) and Jh Pectinatella the statoblast is 

circular, and possesses an armature of hooked spines. That ot 
Cristatella measures about '75 mm. in its greatest length. 

Kraepelin has suggested that the above order of increasing 
complexity of the statohlasts corresponds with the order in 
which the genera to which they respectively belong would be 
placed, on the assumption that the Phylactolaemata have been 
derived from the Ctenostomata. Thus, in Fredericella, the form 
of the lophophore is circular, as in the Gymnolaemata. The 
number of the tentacles is comparatively small (20-24). The 
arborescent form of the colony resembles that of many Cteuo- 
stoines, and the zooecia are more or less cut off from one another 

by incomplete septa. 

i Cf. Kraepelin, Alh. Ver. Hamburg, x. 1887, No. 9, pp. 154 f. 
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Iii Plumatclla , tlie lophophore has become horse-shoe-shaped, 
and the tentacles are more numerous (38-60). In general form 
and in the arrangement of 
the septa this genus resem- 
bles Frcdericella, with which 
it may easily be confused. 

In CristateUa we have 
the most highly modified 
of all the Phylactolaemata. 

The individuality of the 
zooccium is here subordi- 
nated to that of the colony 
as a whole. The branched 
arrangement of the zooecia 
is greatly obscured. The 
body-cavities have become 

completely confluent, al- Fig. 25l.-St«tobIast.s of Phylactolaemata. A, 
though rudiments of the Frflericella sultana Blum., x 3S ; B, Pluma- 
.... 1 . . *n . . rr>l Mia re/>€.:. s L x 38 ; C, Lophopus crystal- 

septa Still exist. The ecto- Unus Pall., X 28; D, CristateUa mucoto 

cyst has been lost, with the SS^S,, 2 )* <A ' fr ° ni AJlnian : B D ’ froru 
exception of the basal layer 

of the colony. The tentacles are more numerous (80-90) ; and 
in accordance with the increase in the elaboration of the genus, 
its statoblasts belong to the most complicated type known. 

The production of floating statoblasts may seem a strange 
adaptation to the conditions of fresh-water life, since it mmht be 
assumed, a i>riori y that these structures would be specially liable 
to be frozen during the winter. The following experiments made 
by Braem show, however, that the germinating power of the 
statoblasts is improved by a certain amount of frost A 
number of statoblasts were taken ; half of these were placed in 
^ater, which was then frozen ; and these were found to germinate 
readdy when afterwards exposed to suitable conditions. The 
other half were not subjected to the action of frost ; and these 
could not be made to germinate, even although the water had 
been cooled to a point slightly above the freezing point. It thus 

" r far bring a risk, is a meanl y 

conditions which most f — 

1 T. cit . p. 83. 
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Braern supposes that the beneficial action of frost is due 
to a lowering of the vital energy of the statoblast. As in the 
case of reproductive bodies known in many other fresh -water 
organisms, the statoblast germinates only after a period of rest. 
Although this period is often shortened by a lowering of the 
temperature, it can also be induced by the exclusion of air, as in 
an experiment during which the statoblasts were enclosed in air- 
tight tubes. The respiratory processes were thereby lessened, 
and the germinating power was materially improved. 

Since the development of the statoblasts depends largely 
on the tem]>erature, the first warm weather in early spring will 
probably induce the germination of those which are floating ; 
and the young colony, leaving the protection of the statoblast, will 
become susceptible to frost. But even if the first-formed colonies 
are killed oft* by a subsequent frost, other statoblasts which have 
remained in the mud during the winter are disentangled from 
time to time, and germinate on reaching the surface. 

Distribution. — The protective value of the shell is also 
shown by the fact that the statoblast may be kept for some 
months in a dry condition without losing its power of germination. 
There can be little doubt that the capability of withstanding 
desiccation enables the species to enlarge its area of distribution. 
It is asserted that fresh-water Polyzoa decrease in abundance in 
proportion to the distance from the mouth of the river in which 
they are found. The current will naturally tend to bring together 
the statoblasts from the Polyzoa growing in the upper waters. 

Nothing is more surprising than the wide geographical dis- 
tribution of the Phylactolaemata. The European genera are 
all recorded from North America. Fredcricella, Plumatclla, and 
Lopkopus are further recorded from Australia ; while Plumatclla 
is known to occur also in Malacca, the Philippine Islands, India, 
Japan, Africa, and South America. It is even stated that some of 
the Australian species are identical with those found in Europe. 

Some of the fresh-water Polyzoa are extremely variable, and 
observers are by no means agreed in deciding whether certain 
well-known forms are to be regarded as varieties or as species. 
While certain genera, such as Cristatclla and Lophopus, are 
comparatively constant in their form, Plumatclla is excessively 
variable. Plumatclla has a number of species greater than that oi 
any other form, and the genus has a wider distribution than any 
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other. This greater variation of species of the dominant genus is 
in complete accordance with the general law enunciated by Darwin 
that “ wide-ranging, much diffused, and common species vary most.” 

While the ordinary forms of Plumatclla consist of branching 
colonies, which are either completely adherent to their substratum, 
or grow in a more or less erect manner, another habit which is 
assumed by this genus is so different from the first that it has 
been considered to mark a distinct genus, Alcyonclla. The Alcyo- 
nelloid form (Fig. 246, A) consists of closely packed tubes which 
stand more or less at right angles to their substratum, which they 
may cover with a dense mass an inch thick, and with a superficial 
area of several square inches. But in spite of this difference, it is 
possible that A. fungosa is only a variety of an ordinary Plnma- 
tclla form. Whether this is so or not, a typical Plumatclla may 
in places take on an Alcyonelloid habit ; and parts of an Alcyo- 
ndla may become so lax in growth as to resemble a Plumatclla. 

The British genera of fresh -water Polyzoa may be distin- 
guished from one another by means of the following table : — 


M 


2 . 


3 . I 


4.1 


' Zooecia perfectly distinct from one another. Lophophorc circular. 
Statoblasts absent . . . . .2 

Colony formed of branching tubes composed of continent zooecia 3 
Colony gelatinous, not obviously formed of branching tubes. 

{ Lophopliore horse-shoe shaped . . . .4 

[ Colony consisting of a stolon from which new zooecia originate. These 
I may give rise to new stolons, or directly to new zooecia Viclorella 
j Branches composed entirely of club-shaped zooecia, each of which may 
l give ofT two zooecia near its upper end Paludicclla (Fig. 250) 
Tubes hyaline or opaque, usually containing numerous oval stato- 
blasts (Fig. 251, B), most of which have a ring of air-cells. 
Lophophore liorse-shoe shaped. 

(«) Tubes divergent . . Plumatclla (Fig. 246, B; 

(4) Tubes parallel with one another Alcyonclla form of 

Plumatclla (Fig. 24G, A) 
Tubes cylindrical, usually dark brown. Statoblasts (Fig. 251, A) few, 
without air-cells. Lophophore circular . . Prcdcricclla 

Colony hyaline, usually divided into three or four short lobes. 
Ectocyst thick. Statoblasts (Fig. 251, C) pointed at each end, with 
a broad ring of air-cells . . . Lophopus (Fig. 248} 

Colony slug-shaped, crawling on a tlatteiied sole. Ectocyst rudi- 
mentary. Statoblasts (Fig. 251, D) circular, with marginal hooks. 

Cridatella (Fig. 247) 

Colonies consisting of small rosettes, many of which are attached to 
a thick basal layer of hyaline ectocyst. Statoblasts circular, with 
V marginal hooks. (Not recorded as British) Pectinatella 
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Reproductive Processes of Polyzoa in general. 

In studying the reproductive processes of Polyzoa, we have 
to deal with two very distinct phenomena; firstly, with the 
development of eggs ; and secondly, with the formation of buds. 

The process of budding usually does no more than increase 
the number of individuals in a colony which already exists, and 
is seldom responsible for the commencement of a new colony. 
In Loxosoma, however, the buds break off and lead an independent 
existence ; and in the Phylactolaemata a large proportion of the 
colonies have their origin in the statoblasts. In certain cases, 
again, new colonies may be formed by the detachment of parts of 
an old one, as by the fission of Cristatella and Lophopus, or by 
the breaking up of a richly-branched species into several colonies 
by the decay of the proximal parts. 

We may then in the majority of cases look to an embryo for 
the foundation of a new colony. The embryo develops into a larva, 
which, after a period in which it swims freely, settles down, and 
is metamorphosed into the first zooecium. This primary individual 
forms the starting-point of a colony, and , often differs to a con- 
siderable extent from the other zooecia^ AVliich arise from it. 
In Cyclostomata, for instance, the proximal end of the primary 
zooecium permanently retains the disc-like shape assumed by 
the young larva when it first fixed itself. The primary zooecium 
may be recognised with equal ease in many Cheilostomata, and 
may differ from its successors by possessing a richer development 
of marginal spines, or in other respects. 

Reproductive Organs. — Eggs and spermatozoa are commonly 
found in the same colony, either in different individuals, or else 
in the same zooecium (see Fig. 234, p. 469). In some cases, 
the zooecium first develops spermatozoa, and later eggs. The 
Entoprocta have a more marked separation of the sexes than 
obtains in other Polyzoa. The genus Loxosoma is perhaps always 
dioecious (i.e. with separate sexes). Pedicellina is sometimes found 
with ovaries and testes in the same individual, sometimes with 
these organs in different individuals; and it is not clear whether 
a given species always behaves alike in these respects. 

The reproductive organs of the Entoprocta open by ducts of 
their own into the vestibule. In the Ectoprocta they are 
developed in the body-cavity, and they have no ducts. 
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The fate of the ripe egg differs widely in different cases. I 11 
the Entoprocta it develoyjs in a kind of brood-pouch formed from 
part of the vestibule. The fact that in Pedicellina (Fig. 243) the 
embryos grow largely during their development, shows that 
nutritive material must be supplied to them from the parent. 
There is reason to believe that the epithelium of the brood-pouch 
is responsible for this process. The eggs are also known to 
develop at the expense of nutritive substances prepared by the 
parent in the ovicells of the Cyclostomata. In other eases, as in 
some species of Alcyonidium, the egg is large, and its copious 
yolk doubtless supplies a large part of the material required for 
development. 

In the Ectoproeta, development takes place in a variety of 
places. In most Cheilostomata a single egg passes into the 
globular ovicell, which is formed above the orifice of many of 
the zooecia. In certain Ctenostowata, 1 Phylactolaemata, 2 and 
Cyclostomata, 3 the ripe egg is taken up by a rudimentary poly- 
pide-bud, which is specially formed for the purpose. In the 
Ctenostomata and in the fresh -water l’olyzoa these buds, if 
present, are found in ordinary zooecia which do not become 
modified externally in any special way. In the Cyclostomata 
( Ctnsia ), on the contrary, the formation of the polypide-bud 
is intimately bound up with the development of the ovicell. 
The number of the zooecia which produce eggs that are capable 
of development is greatly restricted in this group. The ovicell, 
which contains numerous embryos, is not merely a portion of 
a zooecium, as in the Cheilostomata ; but it is probably to be 
regarded as a modification of the entire fertile zooecium or 
zooecia. These take on an appearance widely differing from that 
of the ordinary zooecia, and in course of time give rise to the 
ovicells (see Fig. 237). 

In all these cases the egg develops inside the parent, and it 
was hardly known, before the publication of the interesting 
researches of M. Prouho, 4 that some of the Polyzoa lay eggs 
which develop externally. In these cases a considerable number 
e gg 8 are produced simultaneously by a single zooecium. 

1 Joliet, Arch. Zool. Exp. vi. 1877, p. 262. 

s Kracpelin, Alh. Ver. Hamburg, xii. 1893, No. 2, p. 22. 

* Harmer, Quart. J. J tier. Sri. xxxiv. 1893, p. 211. 

4 Arch. Zool. Exp. 2 sir. x. 1892, p. 557. 
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M. Prouho further throws light on a much contested subject ; 
namely, the nature of the so-called “ intertentacular organ ” 
(i. Fig. 234, p. 469), described so long ago as 1837 by Farre,’ 
but looked for in vain by the majority of later observers. 

The failure to find this organ, even in species which possess 
it, in certain individuals, according to Farre’s statements, is now 
satisfactorily explained by M. Prouho, who shows that while it 
is absent in a large number of polypides, it is normally present 
in those individuals which possess an ovary, and in those only ; 
and that its primary function is that of an oviduct. 

The intertentacular organ is an unpaired ciliated tube, which 
is situated between the two tentacles which are nearest to the 
ganglion. In the retracted condition of the polypide, it opens 
from the body-cavity into the tentacle-sheath ; and in the 
expanded condition, directly to the exterior. 

In the remarkable case of Alcyonidium duplex, each zooecium 
normally possesses two sexual polypides. The first of these 
produces a testis and then becomes a “brown body.” The 
second is meanwhile developed, and produces an ovary and an 
intertentacular organ, a structure which was not present in the 
male polypide. The eggs pass through the intertentacular organ 
into the tentacle-sheath, and attach themselves to the diaphragm 
(d, Fig. 234), where they remain during their development. 

Although the intertentacular organ has been found by Prouho 
in female polypides only, it would perhaps be going too far to 
assert that it is confined to polypides of that sex. Hincks 2 
has observed the passage of spermatozoa in enormous numbers 
through the organ, although it may be noted that there is no 
sufficient proof that eggs were not present as well in these 
zooecia. It further appears that in some cases waste matters 
may be removed from the body-cavity through the same passage. 

It may l>e presumed that the egg is normally fertilised by a 
spermatozoon, although this is at present largely a matter of 
inference. It is believed by Joliet 3 that fertilisation is reciprocal, 
although Prouho has come to the opposite conclusion. Joliet 
has, however, very justly pointed out that the enormous number 
of spermatozoa developed by a single individual would be dispro- 
portionately large, if their function were merely to fertilise the 

> Phil. Trans. 1837, p. 408. 3 Brit. Marine Polysoa, Introduction, pp. lxxxvi, xc. 

3 Arch, . Zool, Exp . vi. 1877, J>. 261. 
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ovum in the same zooecium. According to liis view, the egg is 
fertilised by a spermatozoon after it has passed into the tentacle- 
sheath or ovicell, or some other place where it is in free com- 
munication with the outside water. 

Development and Affini ties. — Few parts of the. history of 
the Polyzoa are more fascinating than that which deals with 
their development ; and it is probable that no other is capable 


Fio. 252. — Diagrams of larvae. A, 
Ijoxosoma , x 208 ; a, anus ; b , 
brain, with left eye and ciliated 
pit ; c, ciliated ring ; <p t epi* 
stome ; 7?i, mouth ; o, oeso- 
phagus ; st , stomach ; jt, aboral 
adhesive organ : B, Cypho - 
naxUcs larva of Mcmbranipora 
( EUctra ) pilosa , x about 90; 
a t m > o t st as in A ; f, anterior 
part, and c\ posterior part of 
the ciliated ring ; epidermis ; 
ms, adductor muscle of shells ; 
p t pyriform orgnn, of unknown 
function ; sh* shell ; v t vesti- 
bule ; the M internal sac ” or 
sucker, by which fixation is 
effected, is seen between a and 
77M. (B, after Prouho.) 


of giving so much insight into the affinities of the several groups 
to one another and to other groups of the animal kingdom. 

The comparative study of the larvae of the Polyzoa may be 
said to date from 1877, when J. Barrois published an elaborate 
Monograph 1 on this subject. Although some of Barrois’ earlier 
opinions have been subsequently modified, this work still gives 
the best figures of the external form of the beautiful larvae of 
many genera. A detailed account of the larval forms of Polyzoa 
must be omitted from want of space ; and the general conclusions 
only can be given. 

1 llccherdies sur T Embnjologie des Bryozoaires, 4 to Lille, 1877. 
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The larvae of the Entoprocta (Fig. 252, A) resemble the 
so-called “ Trochosphere ” of Polychaeta (see p. 274). The 
common characters shared by the larvae of Chaetopoda, Echiuroid 
Gephyrea, Mollusca, and Polyzoa, and by adult Rotifera, may 
well point to the derivation of these groups from a common 
ancestor. On this assumption, it is possible that the Polyzoa 
have been derived from forms which existed long ages ago, which 
combined the common characters of these groups, and the structure 
of which we can picture to ourselves only so far as the “ Trocho- 
sphere ” larva can be taken to represent it in a much simplified 
condition. Such a view harmonises well with the great antiquity 
of the Polyzoa. Certain Ectoproct forms have a larva, known as 
Cyphonautes (Fig. 252, B), which closely resembles the larval form 
of the Entoprocta ; and it is a fact which probably has consider- 
able significance that this type of larva is known to occur only 
in those species of Menibranipora {Electro), Alcyonidium, and 
Hypophorella, which lay eggs. 1 This may perhaps be regarded 
as a primitive form of development which has been lost in 
species in which development takes place inside the parent. 
Cyphonautes compressus (Fig. 252, B), one of the commonest 
objects taken in the surface-net off our own coasts, is the larva 
of Membra nipora {Electro) pilosa. Whilst this larva is provided 
with a well-developed alimentary canal, those of most other Ecto- 
procta possess a mere rudiment of this structure, and depend for 
their nutrition either on yolk present in the egg or on material 
supplied by the parent. In most cases the mature larva has no 
recognisable trace of a digestive system ; and, although it has 
a free-swimming period, it does not become truly pelagic. 

The alimentary canal of the larva of Pcdicellina is known to 
persist in the primary individual of the colony. In all other 
known cases, even in that of Cyphonautes, the larva at fixation 
loses practically all its internal organs, and becomes a mere body- 
wall containing a mass of degenerated larval tissues. It is in fact 
a zooecium containing a “ brown body.” A polypide-bud is now 
developed, the body-cavity appears as the result of the shrinkage 
of the “ brown body,” and the primary individual of the colony 

is thereby established. . 

The larvae of the Ectoprocta form a tolerably complete series, 

starting from Cyphonautes, itself allied to the larva of the 

1 Prouho, loc . cit. 
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Entoprocta, and ending with the Pliylactolaemata. Alcyovi- 
dium (Eig. 253, B) possesses a rudimentary alimentary canal, 1 
although the most conspicuous structures are those connected 
with the fixation and other phenomena of larval life. The 
larvae of many of the encrusting Cheilostoiues (Fig. 253, A) 
resemble that of Alcyonidium, while those of Buguhi, Scrupocel- 
laria, etc,, belong to a type easily derivable from that of the 
encrusting forms. The branching Ctenostomes (. Bowerbankia , 




Flo. 253. — A, Alx>ral view 
of free larva of Lcpralia 
foliacea Ell. ami Sol. ; 
a 9 long cilia of pyriform 
organ ; g , aboral groove : 
B, longitudinal section 
of embryo of Alcyoni- 
dium % x 135 ; r, ciliated 
ring ; </ t aboral groove ; 
wi* month ; it, nervous 
system ; p, " pyriform 
organ/' of unknown 
function ; “ internal 

sac M or “ sucker/' by 
which fixation is ef- 
fected ; st, stomach. 


etc.) have a larva which may be regarded as derived, along 
slightly different lines, from that of Alcyonidium. The Cyclo- 
stomata and the Pliylactolaemata have the most modified forms 
of larva. That of the former group may owe some of its 
peculiarities to the occurrence of a remarkable process of embry- 
onic fission, which takes place in the ovieell, and as the result of 
which each egg gives rise to a large number of larvae. 3 The 
hylactolaemata have a larva which is not unlike that of 

Bowerbankia . 

We have seen that the larva at fixation becomes a zooecium. 


% -Arc/i. Rrp. 2 3cr. v. 18S7, p. 446. 

Quart. J. Micr. Xci. xxxiv. 1893, p. 199 ; xxxix. part i. 1896, p. 71. 
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which in the Gymnolaeraata forms a polypide-bud after fixation. 
The peculiarities of the Phylactolaematous larva may be explained 
by assuming that it becomes a zooecium while it is still free- 
swimming. Thus the larva of Plumatella develops one or some- 
times two polypides, which actually reach maturity before fixation 
takes place. That of Cristatella develops from two to twenty 1 
polypides or polypide-buds at the corresponding period, and it is 
in fact a young colony while still free-swimming. 

Now in most colonial animals, such as Coelenterates and 
Ascidians, the larva metamorphoses itself into a temporarily 
solitary animal, which then gives rise to the remainder of the 
colony by budding. The majority of the Gymnolaemata behave 
in this way ; while the Phylactolaemata may not only develop a 
multiplicity of polypides in their larval stage, but the individu- 
ality of the zooecia is then just as much obscured as in the adult 
state. * These facts are more easily explained if we assume that 
Cristatella is the end-point in a series than if we suppose it to 
be a starting-point. 

On the view maintained by many authorities, that the 
Polyzoa are related, through Phoronis, with the Gephyrea and 
the Bracliiopoda, we should expect to find in those Polyzoa 
which most closely resemble Phoronis in their adult state that 
is to say in the Phylactolaemata — some indications of affinity to 
that animal in their development. This is emphatically not the 
case. The hypothesis that the Phylactolaemata are related to 
Phoronis leads, moreover, to the improbable conclusion that the 
similarities between the Entoproct-larva and Cyphonautes, on the 
one hand, and the Trochosphere larva of Polychaeta, on the 
other hand, is entirely superficial and meaningless. In spite, 
therefore, of the similarity between Phoronis and a single 
individual of the Phylactolaemata, and in spite of the marked 
resemblance between its nephridia and structures which have 
been described in Cristatella 2 and Pectinatella , 3 the comparative 
study of the development appears to indicate that the resem- 
blances between Phoronis and the Phylactolaemata are the result 
of a coincidence rather than of any close relationship. 

A lew points connected with the metamorphosis of the 

> Jullien, Mem. Soc. Zool. France, iii. 1890, p. 381. 

■ Cori, Zeilschr. visa. Zool. lv. 1893, p. 626. 

3 Oka, J. Cull. Japan, iv. 1891, p. 109 ; viii. 1895, p. 339. 
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Polyzoa deserve more special notice. There is generally great 
difficulty in persuading larvae to fix themselves when kept in a 
small quantity of water, which becomes over-heated in the air of 
a laboratory. The difficulty may be surmounted by placing 
colonies containing embryos, together with some clean pieces of 
the seaweed on which the adults are habitually found, in a vessel 
closed by a piece of fine muslin, and by leaving the vessel 
attached to a buoy or in a deep tide-pool. The larvae being 
without an alimentary canal, fix themselves, after a very short 
free life, on the seaweed. 


It is probable that a great struggle for existence normally 
takes place at the commencement of the metamorphosis. Any 
one who will examine, in June or July, rocks covered by Fucus on 
Which Flustrclla hispida is growing, will probably find numerous 
young fronds of Fucus, from half an inch to an inch or two 
m length, growing under the shelter of the older fronds. The 
bivalve larvae of Flustrclla show a marked preference for fixing 
on these young fronds— perhaps in order that the duration of 
hie of the colony may coincide with that of the Fucus — and 
these young fronds are commonly covered by very numerous 
recently-fixed larvae, and by young colonies of various ageT 0 T 

in a r 1° " bserve - P kcm S P r «gnant colonies of Boweriankia 

~ zzztzzzz 

ahv^L: to pla^W Z th0 f m0d6 ° f Wi ° n - Attachment 

-s brin * * ^ the 

n,ld of Barnacles fix themselves bv «. Ul0Se ° f Aseldia »« 

inately reach their adidt form bv L r f antenor end > «»ul ulti- 

" lult - process may perhaps be expW U ° f “ S ° mei " 

some part of the anterior end or of tL , \ ^'PPosmg that 

sensitive, and that the larva fixes it^lf bv “■ 

vou 11 ‘ itsell l»j that portion of its 
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body which is best fitted for ascertaining which is the proper 
substance on which to fix. 

Budding. — The formation of a new individual may take 
place by the outgrowth of part of the body-wall, as in Bedicellina 
(Fig. 243, p. 487) and in Bowerbankia (Fig. 238, p. 480). 
In Pedicellina a young stalk is formed by an outgrowth near 
one of the growing points, and the upper part of this outgrowth 
becomes constricted off to form the calyx. In other cases (cf. 
the growing ends of the branches in Fig. 237) a partition 
grows across the body-cavity at the growing edge of the colony, 
and so cuts off a part destined to become a new zooecium. 

The zooecium formed in one of these ways acquires an 
alimentary canal by the formation of a polypide-bud, some 
stages in the growth of which are shown in Fig. 235 (p. 472). 
Contrary to what happens in Coelenterates and Tunicates, in 
which the endoderm takes part in the budding, there is good 
reason for believing that in Polyzoa the polypide-bud is developed 
entirely from ectoderm and mesoderm. 1 The bud is a two- 
layered vesicle, attached to the inner side of the body-wall. Its 
inner layer is derived from the ectoderm, which at first projects 
into the body-cavity in the form of a solid knob surrounded by 
mesoderm-cells. A cavity appears in the inner, ectodermic mass, 
and the upper part of the vesicle so developed becomes exces- 
sively thin, forming the tentacle-sheath, which is always de- 
velop in the condition of retraction. The lower part becomes 
thicker ; its inner layer gives rise to the lining of the ahmentary 
canal, to the nervous system, and to the outer epxthel.um of the 
tentacles, which grow out into the tentacle-sheathCcfFlg -35> 
The outer layer gives rise to the mesoderm.c structures, such 
as the muscles, connective tissue, and generative organa 

These processes are fundamentally sumlar, wMta ™ 

metamorphosed larva, in a young zooeci^ .n an old ^ooec um 

after the formation of a “ brown body, or in the germ.nnt g 
statoblast of the Phylactolaemata. 

, Cf . Sceligcr, Zeitschr. viss. Zool. xlix. 1890, P . 168 ; and 1. 1890, P . 560. 


CHAPTER XIX 
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CLASSIFICATION GEOGRAPHICAL DISTRIBUTION PALAEONTOLOGY 

METHODS FOR THE EXAMINATION OF SPECIFIC CHAR- 
ACTERS TERMINOLOGY KEY FOR THE DETERMINATION OF 

THE GENERA OF BRITISH MARINE POLYZOA 


Our account of the Polyzoa would be manifestly incomplete 
without some reference to the systematic arrangement of these 
animals. An outline of the principal groups has been given on 
p. 475. So far, the classification is easy, but it is otherwise when 
we attempt to subdivide most of the groups any further. 

Systems of classification which depend exclusively upon the 
external characters of animals have been repeatedly shown to be 
unsatisfactory. Now with regard to the Polyzoa, not only is it 
the case that the great majority of forms are only known in their 
externa characteristics, but current systems of classification 
cannot be regarded as final, because it is not yet certain which of 
the external features have most systematic value. Two obvious 
points can be at once selected— namely, the character of the 
zooecium and the character of the entire colony. One or two 

bv^T7 8e 7 6 . t ° 1 8how what ^rent results are obtained 
by depending exclusively on either of these characters by itself 

taketT, rd ^ g to \ he . ° lder wnfcera ' fche habit of the colony was 
the most important generic character; and there can 

cerUdn Unfits. ^ * f ? tUIe ^ great im P ort ance within 

certain limits. Any one who has examined different species of 

that fheTrm of The*' ****”<*> must feel 

Oration Tnrl "**1 g0eS f ° r a 6 ood But a con- 

eration of other cases shows that there is great risk in the 
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indiscriminate use of this method of arranging the Polyzoa. The old 
genus Eschar a, composed of forms with an erect coral-like habit , 1 
included species which are now placed in such different genera as 
Lepralia, Porella, Microporella, etc. The older works on Polyzoa 
include all encrusting forms of Cheilostomata, with a completely 
calcareous front wall, in the genus Lepralia , the members of which 
are now distributed in numerous widely separated genera. 

As an instance of the converse arrangement — essential simi- 
larity of the zooeeia with great differences of the general habit — 
may be mentioned the common Membranipora (Electra') vilosa r 
Ordinarily growing in the form of close encrustations on seaweeds, 
this species may take on entirely different habits of growth. The 
zooeeia are now dissociated, growing in single lines over the sub- 
stratum ; now forming erect tufts, composed of single lines of 
zooeeia or of several rows. The erect, branching habit appears 
to be induced in the first instance by the character of the sea- 
weed on which the colony begins life. Thus colonies which 
encrust the thin branches of Corallina may have impressed on 
them something of the mode of growth of the seaweed, so that 
when they extend beyond the tips of the branches of the 
Corallina, they continue to grow in delicate branches, which 
still retain more or less the same diameter as those which 
form their base. An extreme variation results in the beautiful 
form known as Electra verticillata, in which the zooeeia are arranged 
with great regularity in whorls, which together form erect 
branches . 3 But with all these variations, the zooeeia are so much 
alike that it is hardly possible to regard the extreme forms 
as more than varieties of a single species. A careful examina- 
tion of this case would convince most observers that the char- 
acters of the zooecium are a more trustworthy guide to classifica- 
tion than those of the entire colony, a result which was first 
clearly stated by Smitt, and amply confirmed by Hincks 

The avicularia of the Cheilostomata afford useful help m 
classifying this group ; but while certain genera are aiways pro- 
vided with avicularia, others include some species with these 
organs, and other species without them. Again, while the species 

» Cf. Milne-Edwards (H.), Ann. Sci. Nat. 2 ser vi. 1836, pp. 5, 321. 

* Sco Norman, Ann. Nat. Hi*, ser. 6, xhu 1894. p. 1 H. 

a See Holdsworth, P. Zool. Soc. pt xxvi. 1858, p. 306. 

* Brit. Mar. Polyzoa, Introduction, p. exxu. 
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of some genera (e.g. Ccllcpora ) possess a great variety of forms 
of avicularia, the same pattern of avicularium may characterise 
several widely different genera. Further, the position of the avi- 
cularium may be very different in species which are apparently 
closely related. Well -developed vibracula, although constant in 
their occurrence in such forms as SScrupoccllaria (Fig. 254) and 
Caberea (Fig. 242), occur here and there in species of encrusting 
forms which are ordinarily placed in very different families. 

Now although some of these discrepancies are perhaps due to 
errors in classification, whereby species which are really allied have 


Fia. 254. — A, Front view, and 
B, back view of part of 
a branch of Scrit pocella rut 
scabtxL, Van Ben., Durham 
Coast, x *13 ; <i, lateral 
avicularium ; a\ smaller 
median avicularium ; ap % 
membranous aperture ; /. 
fornix ; r, rootlet ; s, seta 
of vibraculnm ; vibra- 
cular zooeciuni. 


been wrongly placed in distinct genera, this explanation would not 
prove satisfactory in all cases. Thus in Bugulct, a genus which is 
specially characterised by the high development of its avicularia, 
these organs are normally absent in B. ntritina. The fact that 
this species was rightly placed in the genus has been confirmed 
by the discovery made by Waters 1 that avicularia occur in speci- 
mens which are believed to be identical with that species. 

1. The Cyclostomata appear to fall naturally into two main 
groups, (A) the Aiiticulata, including the Crisiidae (Fig. 237), 
distinguished by their erect branches, divided at intervals by 
clntinous joints ; and (B) the Inarticulata, which include the 
remaining families, whether erect or encrusting, agreeing in the 
negative character of being unjointed. 

* Ann - Mat. Mist. ser. 5, xx. 18S7, p. 91. 
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2. The Cheilostomata consist of (A) the Cellularina, including 
the flexible, erect forms, such as Bugula (Fig. 233) and Scrupo- 
cellaria (Fig. 254); (B) the Flustrina, to which belong Flustra 
(Fig. 232), Membranipora (Fig. 256, A, B), Micropora (Fig. 
25 6, C), and other forms in which the front wall of the zooecium 
is either membranous, or depressed and marked off by a ridge- 
like margin ; (C) the Escharina, including the great majority of 
forms, in which no part of the front wall remains membranous, 
the wall of the zooecium being wholly calcified. 

3. The Ctenostomata comprise (A) the Alcyonellea or en- 
crusting forms ; and (B) the Vesicularina or branching forms. 
The zooecia in the latter subdivision (Fig. 238) are given off from 
a tubular stem or stolon, which is usually erect and branching. 

We thus have the following arrangement of recent forms. 
The genera mentioned are for the most part those which have 
already been alluded to in the preceding account : — 


Sub-class I. Entoprocta. 

Loxcsoma, Pedicellina, Umatella. 


Sub-class II. Ectoprocta. 

Order 1. Gymnolaemata 

Sub-order 1. Cyclostomata. 

A Articulata. Crisia. 

B. Inarticulata. Hornera, Idmonen, Tubulipora, Stomato- 
pora, Diastopora, Entalophora, Lichenopora, 
Sub-order 2. Cheilostomata. 

A. Cellularina Aetea, Eucratea, 1 Catenicella , Cellularia, 

Gemcllaria, Menipea, Scrupocellaria, Caber ea, Notamia, 
Bicellaria, Bugula , Beania. 

B. Flustrina Cellaria, Flustra , Membranipora, Electro, 

Lunulites, Membraniporella, Cribrilina, Micropora, 
Selenaria. 

C. Escharina Retcpora , Microporclla, Lepralia, Porella, 

Smittia, Mucronella, Schizoporella, Schizotheca, Masti- 
gophora, Porina, Cellepora. 

Sub-order 3. Ctenostomata 

A. Alcyonellea Alcyonidium, Flustrella. 

B. Vesicularina Vcsicularia, Amathia, Bowerbankia, 

Farrella, Hypophorella, Trxticella, Mimosella, Victor- 
ella , Paludicella. 

Order 2. Phylactolaemata . 

Fredericella, Plumatella (including Alcyonella), Lophopus, Cnsta- 

tella, Pectinatella. 



distinct division, the Stolouata. 
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Even this classification, which deals only with the larger 
groups, must not be made use of without a word of warning. 
The division of the Cheilostomata is a matter of great difficulty ; 
and no scheme which has yet been suggested can be regarded as 
more than tentative. The great number of forms included in 
this group makes its subdivision extremely desirable from the 
point of view of convenience ; but a further knowledge of the 
anatomy and of the development of many of the forms of doubtful 
systematic position is probably necessary before any scheme which 
is likely to be permanent is put forward. Those who desire to 
make a further study of the classification of the Polyzoa should 
refer to the works of Hincks, 1 Busk, 2 MacGillivray, 3 and Gregory. 4 

The Polyzoa do not appear to lend any valuable assistance to- 
wards settling the disputed problems of Geographical Distribution. 
They are not in any case terrestrial, while the fresh-water species 
do not always respect the limits between the great zoogeographical 
regions. It has already been pointed out (p. 504) that Plumatella , 
Fredcricella, and Lophopv* are believed to occur in Australia, and 
the first-named genus is practically world-wide in its distribution. 

Many marine forms also have a surprisingly wide distribu- 
tion. Thus among the British species which are described by 
Mr. Hincks as occurring from Norway to New Zealand are 
Membranipora pilosa, Scrupocdlaria scruposa, Cdlaria Jistulosa, 
Microporella ciliata, and M. malusii. Even if it should be 
proved that specific differences do exist between the southern 
forms and our own, there can be no doubt of the wide distribu- 
tion of certain species. It was pointed out by D’Orbigny that 
Bugula neritina has the habit of attaching itself to the bottoms 
of ships, a fact which may possibly account for the wide distri- 
bution of this species ; although it would not be safe to assume 
this explanation of the facts in all cases. Other Polyzoa, on the 
contrary, have a more restricted range. Thus Catenicella is 
specially characteristic of the Australian region. 

It is perhaps surprising that marine Polyzoa should in so 
many cases have so wide a range. Even though it is the rule 

1 Most of the writings of this author are referred to on pp. 277, 278 of Miss 
Jelly s Synonymic Catalogue, referred to on p. 523. 

* Catalogue of Marine Polyzoa in the Collection of the British Museum , ports i.-iii. 
I8o2-1875 ; and Challenger Beports, Parts 80 (1884) and 60 (1886). 

Trans, and Proc. B. Soc. Victoria, xxiii. 1887, p. 1S7, and Tr. B. Soc. Victoria, 
iv. 1895, p. 1. 4 Tr Zool Soc xiii- 1895> 223. 
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tor Polyzoa to have free larvae, the period during which these 
larvae are free-swimming is, so far as is known, a short one in 
most cases. Cyphonautes is a common pelagic form (see p. 
510), and probably remains for a considerable period in the 
larval condition. Other Polyzoon-larvae appear to fix themselves 
very soon after their birth ; and this would not appear to give 
much time for them to be carried to great distances by ocean- 
currents. It may, however, be suggested that it does not follow 
that because we know that a larva may, under favourable con- 
ditions fix itself a few minutes after it becomes free, we should 
be justified in assuming that that larva would not retain for a 
long period the power of undergoing a normal metamorphosis 
should it be drifted away from suitable fixing-grounds. 

Palaeontology . 1 — The number of fossil Polyzoa is enormous. 
D’Orbigny devoted two hundred plates and more than a thousand 
octavo pages 2 to a Monograph on the Cretaceous Polyzoa of 
France. Many of the fossil forms are extraordinarily well pre- 
served, and there is often no difficulty in recognising the identity 
between certain fossil species belonging to the more recent forma- 
tions and living forms. It thus becomes necessary to consult 
Palaeontological memoirs in working at recent Polyzoa. 

While the great majority of fossil Polyzoa do not differ in 
any essential particular from recent species, this is not altogether 
the case with the Palaeozoic forms. Leaving out of account the 
Stromatoporoids, which have been variously referred to the 
Sponges, Hydrozoa, and Foraminifera, as well as to the Polyzoa, 
the Palaeozoic strata contain large numbers of peculiar Cyclo- 
stomata, together with members of the Trepostomata, a fourth 
Sub-order of Gymnolaemata, allied to the Cyclostomata. The 
Trepostomata are for the most part Palaeozoic, but a few survived 
as late as the Jurassic period. 3 These, with the other Polyzoa 
from the same formations, are considered by Dr. Gregory in his 
recently published Catalogue of the Fossil Bryozoa in the British 
Museum (189G). 

The number of Polyzoa recorded from the earlier secondary 
strata is small. The Jurassic period saw the appearance o 

1 Zittel, JIandbuch d. Pulaconto/cxjie, I. Bd. I. Abtli. 1876-1880, p. 575. 

* PaUonloloifie Franfaise. Terrains CriUicis, tonic v., Bryozoaires, 8vo. 1 am, 
1850-1851. This grout work refers, however, to recent os well as to fossi si>ccies. 

3 Jfetcropura, of which recent species .exist, is placed by Dr. Gregory i 
Tn*|»ostoiimtii. 
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existing families of Cyclostomata ; and one or two Cheilostomcs 
. are recorded from the same period. Recent papers by Walford 1 
on Jurassic Polyzoa contain the description of genera which 
are believed to be intermediate between the Cyclostomata and 
Cheilostomata, particularly with regard to the characters of 
their ovicells. Although it is not impossible there may be a 
connection between the ovicells of these two groups, it has yet to 
be proved that the two sets of structures are homologous. 

The Cretaceous period marks the commencement of a large 
number of Cheilostome genera, although the Cyclostomes still 
remain numerous. 

In the Tertiary formations the Cyclostomes gradually become 
less numerous, and although in earlier geological periods they 
far outnumbered the Cheilostomes, these relations are now 
reversed. Certain Tertiary strata, and particularly the Coralline 
Crag (Pliocene), are remarkable for the extremely large number 
of Polyzoa they contain. It will be noticed that no mention 
has been made of the Entoprocta, the Ctenostomata, and the 
Phylactolaemata. Their absence in the fossil condition 2 need not, 
however, be a matter for surprise, as none of these forms are so 
well suited for being fossilised as are the calcareous Cyclostomata 
and Cheilostomata. There is consequently no adequate reason 
for assuming that the absence of a palaeontological record implies 
that these groups have been recently evolved. 

Determination of Genera of Marine Polyzoa. — The species 
to which a Polyzoon belongs can only be determined, in most cases, 
Mith the assistance of the low powers of a microscope. There are 
very great advantages in the of a binocular instrument, by 
means of which a microscopic preparation appears with its parts 
standing up in proper relief. 

In the case of the calcareous forms, the external characters 
may be more readily made out in a dry preparation than in any 
other way. For this purpose, the colony should be washed with 
tiesh water, in order to remove the salts, which otherwise crystal- 
lise out on drying and obscure the surf, ice. Preparations of this 
kind must be looked at with the aid of reflected light. Canada- 
, ‘ 1U w °y glycerine preparations are also valuable, whether 

Quart. J. Gcol. Soc. 1 . 1894 , pp . 72 79 
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stained or unstained ; and are essential for the examination of 
the softer forms. In the case of erect species, both surfaces of 
the bianch should be looked at. The opercula, avicularia, and 
rosette-plates afford important systematic characters in the case 
of the Cheilostomata. 

It must not be forgotten to take account of the condition of 
the zooecia at different ages. The old zooecia often become 
entirely altered in form, by the deposition of additional calcareous 
matter, or by the loss of certain parts present in the younger 
zooecia. Thus the marginal spines may be entirely lost in the 




■ •» 

Fig. 255.— Illustrating the nature of a secondary orifice (Cheilostomate). A, 

« dla cocci nra Abildg., Scilly Is., x 40. The ovicell (c) 7"' Srb.tome pro- 
oriticc, which is concealed by the great development of the ] P 
duced into the nmcro (mu) ; t, the three teeth (denticles) w.thta the I leconda^ 
orifice ; avicularium. B, Porella compress* Sowb., Norway, > 40 , p*. .prim jy 

orifice, above which is a concave lamina, the beginning of the £b!t 

zooecia, „ the ovicell (o) is further grown. The primary orifice is s .11 visible but 

it is partially concealed by the growth of the peristome, which enc ™ 

avicularium ; m, mandible of avicularium. C. Older l«rt of the same colony , pr, 
peristome ; s.o, secondary orifice ; o', adult ovicell ; p, pores. 

older individuals, while in those forms which develop a “ peri- 
stome” (see Fig. 255 and p. 524), the characters of the orifice 
can often be determined in the young zooecia only. It is 
thus essential to examine the growing ends of the branches or 

the rim of the colony, as the case may be. 

In order to make preparations with the tentacles ’ 

hydrochlorate of cocaine, chloral hydrate or spirit should be 
added gradually to the water. When the animals are completely 
anaesthetised tl.ey may be killed by means of a 7-10 p.c. solut 
of sulphate of copper (best made in distilled water or m rum 
water). This method gives admirable results m the case o 
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fresh-water and marine 1‘olyzoa. The use of formaline (see p. 
229) may be strongly recommended for the Vesicularina. 

The only recent work dealing with all the marine British 
forms is Mr. Hi neks’ invaluable History of the British Marine 
Polyzoa } As the use of this book, unaided by any artificial 
help, is by no means easy to the beginner, the following key has 
been compiled as an index to the genera. The Entoproct forms, 
Loxosoma and Pediccllina (see pp. 488-491), are not included in 
the table. 

In order to facilitate the use of the table here given in con- 

Fig. 256. — Illustrating 
the term i no logy of 
the front surface of 
the zoocciuin (Cheilo- 
stomata). A, Mem- 
branijxtra ( Elect ra ) 
pilosa L., Cromer, x 
47 ; ap 9 the membran- 
ous 44 aperture ; M o, 
orifice. T^Jlembrani* 
2 *>rajUminyii Busk, 
Plymouth, x 60 ; <ijt, 
the aperture, enclosed 
in a calcareous 
“area” («); «r,avicu- 
larium ; s 9 marginal 
spines. C, M icropora 
corvtcca Esper, I ly- 
mouth, x 43 ; a, area 
(calcareous) ; o, oper- 
culum : ov t ovicell. 

junction with Mr. Hincks’ work, the nomenclature there adopted 
has been followed throughout. References to other descriptions 
of the species may be obtained by consulting Miss Jelly’s admir- 
able Synonymic Catalogue of the Recent Marine Brr/ozoar 

Terminology. — A few technical terms must if necessity be 
employed. The colony is adherent when its zooecia are attached 
to the object on whicli the colony is growing. The zoocciuin is 
the body-wall of a single individual ; and, except in transparent 
species, is the only part which can he seen from the outside in 
the retracted condition of the potyjnde or tentacles with the 
alimentary canaL The outermost layer of the zooeeium is known 
as the cctocyst ; it may he simply membranous, or calcified, or 
may be rendered opaque by foreign bodies ; its surface in 

1 Two voIh. 8vo. Loudon (Van Voorst), 1SS0. 

* Svo. Loudon (Dulun), 18 S 9 . 
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calcareous forms is often marked by pores (Fig. 239, C, p), which 
are vacuities in the calcareous wall, closed externally by mem- 
brane. A special median ■pore (Fig. 241, A, m.p ) may occur, and 
is in some cases at least a complete perforation through the 
body-wall. 

The tentacles are protruded through the orifice, /which in 
Cheilostomata is usually guarded by a movable chitinous lid, or 
operculum (Fig. 256, A, 0 ). Should the ectocyst be thickened or 
raised into a ridge surrounding the orifice, a tubular passage 
results, known as the secondary orifice (Fig. 255), at the deeper 
end of which is the true orifice. The peristome (Fig. 255, C, 




Fio. 257. — A, Cribrilinn an- 
nulata Fabr., Norway, x 
33 ; c y calcareous bars 
concealing the membran- 
ous aperture : B, Mem - 
braniporella nxtida 
Johnst, ' Plymouth, x 
45 ; a, calcareous bars 
growing up round the 
margin of the aperture ; 
by the same, further de- 
veloped ; Cy the same, 
completely formed (as in 
A) ; avy avicularium ; o, 
immature, and o', ma- 
ture, ovicell ; s, marginal 
spines. 


pr) is the raised or thickened part which gives rise to the 
secondary orifice. Should the zooecium be outlined bv a raised 
ridge, the part so enclosed is known as the area (lig. 256, C, a), 
if calcareous. The aperture or opesia (Fig. 256, A, B, ap) is a 
membranous part of the front surface; and may consist ol the 
whole or part of the area. The orifice or the aperture is 

commonly provided with spines (Fig. 256, B, s). 

The avicularium and the vibraculum are specially modified 
zooecia (see p. 482), which occur in a great variety of forms, 111 
certain Cheilostomata only. The «}>eieulum of the ordinary 
zooecium is represented by the mandible (Fig. 239, B, w) m the 
avicularium, and by the seta (Fig. 242, «) in the vibraculum. 
The representative of the zooecium itselt is known as theavw.tf- 
larian (Fig. 239, A, a.z) or vihraoular zooecium (Fig. 242, v.z). 
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Aii ovicell is a swelling in which the embryo develops, in certain 
Cyclostomata (Fig. 237) and Cheilostomata (Fig. 241, A, o'). 
A stolon (Fig. 238, B, st) is a stem, not formed of fused zooecia, 
from which new individuals originate. An inter node , in a jointed 
colony, is the part lietween any two joints. The fornix or 
scutum (Fig. 254, A,/) is a modified spine which in some Cheilo- 
stomata overhangs the aperture. A mucro (Fig. 255, A, mu) 
is a spike or protuberance developed just below the orifice. A sinus 
(Fig. 239, B, s) is a slight bay on the lower margin of the orifice. 

The orifice opens at the upper end of the zouecium, on its front 
surface. The length of the zooecium is the distance from the upper 
to the lower ends, and the width the distance between its sides. 


1 . 


2 .- 


One or more of the following characters : orifice provided with an 
operculum ; avicularia or vibracula present ; a globular ovicell 
above the orifice of certain zooecia (Cheilostomata) . 7 

Opercula, avicularia, vibracula, and ovicella completely absent, or 
inconspicuous. Calcareous or non-calcareous. If calcareous, the 
orifice is not at the end of a free cylindrical portion . 3 

Calcareous ; zooecia cylindrical, often united for the greater part of 
their length, but usually ending in a free cylindrical portion, 
which bears the terminal orifice. The zooecia may be much 
obscured by calcifications surrounding their basal parts . 2 

\ Zooecia long, tubular, with a lateral membranous region at the upper 
end, given off quite separately from a creeping stolon A etea 

Zooecia more or less united to one another, orifice without chitinous 
operculum (Cyclostomata *) . . . .63 

f Zooecia without marginal spines ; arising from a branching axis, 
which is not formed of zooecia . . . .74 

Colony adherent; or erect, fleshy and slightly branched; or erect, 
encrusted with earthy matter and repeatedly branched . 72 

Characters not as above . ^ 

| Zooecia minute, boat-shaped, united by a delicate tube. Aperture 

1 r« 1 ^ , W ‘ th mar S inal e P ines • - Beania mirabilU 

' Colon y delicate, erect ; zooecia wider above than below . 5 

l No marginal spines ..... g 

5. Zooecia uniserial, with marginal spines. Branches arising from the 

( top of a zooecium .... Brettxa 

f Zooecia uniserial ; brandies arising just below the large aperture. An 

ovicell may be developed above the orifice of a modified zooecium 

r, „ . , . , Encratea chela t a 

Zooecia somewhat pear-shaped ; orifice small, semicircular 

Huxley a fratjilis 


3. 




6 . 


casl of n doubL tW 7 °/r Cra of ( J hcilo3tonia ^ “V he mistaken for Cyclostomata. In 
caso of doubt, 7 el seq. must be worked through. 
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( Colony erect . . . .8 

7 . 1 Zooecia in several layers forming confused masses . . 30 

( Colony entirely adherent, 1 the zooecia usually in a single layer 31 

Erect Cheilostomata. 

Branches cylindrical, calcareous, divided by chitinous joints. Orifices 
. arranged all round the branch . Cellaria (Fig. 239, A) 

8. ' Branches flexible, jointed or unjointed. Orifices not arranged all 
round the branch . . . . . .9 

Calcareous, unjoin ted, rigid 

( Branches leaf-like, flattened 
* ( Branches not leaf-like 

( Avicularia resembling birds* heads, movable 


9 


21 

10 

11 


( Avicularia resembling birds' heads, movable . Bugula (Fig. 233)/ 
I Avicularia not resembling birds* heads, unstalked ; or absent. Colony 
I broadly leaf-shaped, composed of a single layer or of two layers 
i - '**»**' 


of zooecia 


j j ( Zooecia in pairs, at the same 
’ ( Zooecia not obviously paired 


12 . 


Flustra (Fig. 232) 

level . . • .12 

13 

r Branches numerous, straight. Zooecia back to back, with an oblique 
aperture. No avicularia . . • Geinellaria loricata 

Branches delicate, curved. A pair of stalked avicularia between each 
two pairs of zooecia . • • Notamia bursaria 

14 


13. 


.... , f conspicuous . 

Avicularia or vibracula^ inconspicuoU3 or absent 


14. 


17 

15 

16 


15 . 


f Avicularia resembling birds’ heads, movable. Vibracula absent 
Avicularia large, unstalked. Vibracula present or absent 
Avicularia inconspicuous. Setae of the vibracula large, very con- 
spicuous, on oblique vibracular zooecia, which almost cover the 
backs of the branches . • • Caberea (Fig. 242) 

f Zooecia in two series, alternate, with one or several conspicuously 
long marginal spines . • • . * Bicdlarxa 

Zooecia in two or more series. Aperture occupying most of the front 
of the zooecium. Colony often spiral. Avicularia usually large 

Bwjula (Fig. 233) 

( Zooecia long, narrow below, commonly in triplets, with two lateral 
avicularia to each triplet. Fornix present. Mentpea ternala 

Zooecia biserial, a considerable number forming an mternode 
separated by a joint (often inconspicuous) from the next mternode. 
Lateral avicularia usually large. Vibracular zooecia on the back 
or sides of the branches . • Scrupocdlana (Fig. 2o4) 

( Characters as in Scnpoctllaria (No. 16), but with mco^picuous 
17. J avicularia. A branched fornix . Scrupocdlcna reptans 

[ Vibracula absent . • • • 19 

( A single, short, marginal spine ; or none 
18 - \ Marginal spines present 


16 . 


20 
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Characters as in No. 6 . Eucratea chelaltL, Huxlega fragilis 

Zooecia biserial. Aperture large, the semicircular orifice at its upper 
end, where there is commonly a short spine Cellularia peachii 
Zooecia in one or two series. Branches originating from the backs 
of the zooecia, and facing in the opposite direction to the parent 
branch. Aperture small . . . Scmparia clavata 

One or more conspicuously long marginal spines. Avicularia present 
or absent ...... Biccllaria 

Zooecia uniserial (see No. 5) . . . . Brettia 

Zooecia biserial, in short internodes. An inconspicuous avicularium 
below the aperture. Fornix present . Menipea jeffreyrii 

Colony consisting of a network of narrow branches, the zooecia 
opening only on one of their surfaces . . Rctepora 

Colony large, brittle, composed of contorted plates, uniting irregularly, 
usually composed of two layers of zooecia. Orifice large, indented 
laterally ..... Lrpralia foliacea 
Branches delicate, cylindrical . . . . .22 

Branches or lobes coarser, not necessarily cylindrical . .24 

Branches composed of four rows of zooecia . . .23 

Zooecia in more than four regular, longitudinal rows. Peristome 
raised, and, with the ovicell, forming a swelling on the surface of 
the branch . . . Escharoidcs quinc uncial is 

Orifice circular. A row of pores round the margin of the zooecium. 
A median pore resembling a small orifice below the true orifice. 
Small lateral avicularia . . . Porina borealis 

Orifice surrounded by a peristome, produced into a mucro beneath 
the orifice. No pores . . . Palmiccllaria tlcgans 


Zooecia arranged in regular series . . . .25 

Zooecia irregularly heaped, their long axes often perpendicular to 
the surface of the colony. Mucro largely developed, concealing 
the form of the orifice, and bearing an avicularium Ccllcpora 

Orifice with a sinus j or peristome interrupted or extended below 
into a sinus-like outgrowth, which usually includes a small 
avicularium . • • . . 26 

Neither median sinus nor interrupted or extended peristome 28 


Orifice with a sinus . . . Schizopordla (Fig. 238, B) 

Peristome interrupted or extended below . . 07 


Branches of various formB. Surface of the older parts very even. 
Secondary orifice rather long, usually wider above, enclosing a 
small avicularium below, and appearing as a hole in the even 
surface of the branch . . Porella (Fig. 255, B, C) 

A prominent tooth projects into the orifice from its lower side. 

Zooecia with thin walls . SmiUui laudsborovix (Fig. 239, C) 
No tooth in the orifice, at the side of which is a small avicularium. 
Old zooecia with thick walla. Colony composed of a short stem 
and flattened branches . . . Esch amides rosacea 
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/ A tooth projects from the lower side into the large, sutaircular orifice, 
2g I on each side of which is a small oval avicularium (colony erect or 
* encrusting) . . . Mucronella pavonclla 

[ No tooth : mucro sometimes present . . . .29 

( Branches cylindrical. Old zooecia with thick walls. Orifice in 
young zooecia longer than broad ; beneath it a median pore, 
29. | and in some cases a lateral avicularium with vibraculoid mandible 

Diporula verrucosa 

A distinct mucro, which may bear an avicularium above Palmicellarxa 


30. 1 

31. ( 

32. j 


Encrusting Cheilostomata. 

Usually growing on a small univalve shell. Orifice longer than 
broad, indented laterally. Mucro present . . J^pralia edax 

One or two conspicuous processes, each bearing an avicularium, near 
the orifice, which is often concealed. Avicnlaria in many cases 
found on other parts of the colony . . Ccllepora 

Zooecia distant ; or in single rows . . . .32 

Zooecia forming continuous expansions . . .36 

An oval aperture, larger than the orifice . . 33 

No aperture . • • • • .34 

A tubular process below the aperture, in some cases : zooecia very 
narrow below . . . Eucratea chelata, var. repens 


No tubular process below the aperture . Mcmbranipora 

Peristome much raised below, collar-like . . PhylactelUi 

Peristome not much raised below . . • .35 

Zooecia minute, much narrowed below. Orifice small, usually with 

a sinus Hippothoa 

Zooecia not narrowed below. Orifice with a sinus . Schizoporclla 

Zooecia partly separated by a thin calcareous crust. Colonies 

small . • • • • • 38 

Zooecia contiguous 

Zooecia pear-shaped. Orifice with a sinus . Hippothoa expansa 

Zooecia ovoid. Orifice subcircular, with a tubular peristome 

Lagempora socialts 

Orifice close to the upper end of the zooccium (unless crowned by an 
ovicell) Front of the zooecium marked by trans\erse or 

radiating furrows or lines. The very young zooecium may 
possess a membranous area, which becomes roofed in by the 
union of two lateral series of converging bars (Fig. 2o , ) . 3 J 

Characters not as above • 

Furrows with uniserial rows of pores (often minute) which are n» rely 
irregular . • • Onbnltna (h lg. 2o7, A) 

No rows of ] lores. Distinct transverse lines or spaces and a 

median longitudinal suture between the bars 

Membrantporella (Fig. 2.x, 1») 


35. 


Orifice small, usually with 

Hippothoa 


36. J 


37. 


38. 


39 . 
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40 . 


{ 


. . 41 

Cellcporx 


41.* 


42. 


43. 


44. 


45. 

4G. 

47. 


Zooecia arranged in regular series 
Zooecia irregularly 1 heaped together (cf. No. 30) 

Primary orifice conspicuous ; with a sinus, or with a peristome 
extended or interrupted below, and sometimes simulating a 
sinus . . . . . . .42 

Neither sinus 2 nor interrupted peristome . . .44 

Surface of the old zooecia much thickened, so that the secondary 
orifice does not project beyond the most prominent parts of the 
zooccium. Secondary orifice concealing the primary orifice, wider 
above, enclosing a small avicularium below Porella (Fig. 255, B, C) 

Primary orifice with a sinus, but no tooth . . .43 

A prominent tooth projects into the orifice from its lower side. 
Peristome interrupted or with a sinus. Surface of the old zooecia 
not much thickened .... Smittia 

Orifice with a sinus and long spines. Peristome interrupted. Ovicell 
with a wedge-shaped or linear longitudinal fissure. Avicularia 
generally present, the avicularian zooecium conspicuous. Sc/i i:o theca 
Orifice semicircular. Vibracula present, near the orifice. 

Mast i/jophora (Fig. 241, B) 
Orifice semicircular or subcircular. No vibracula ; avicularia with 
vibraculoid maudiblcs may occur Schizoporclla (Fig. 239, B) 

Zooecium with a median pore ; or completely tubular above . 45 

Zooecium with no median pore. The orifice may be partially sur- 
rounded by a collar-like development of the peristome, but it is 
uot completely tubular . . . . .49 

Orifice not tubular. A median pore . Microporclla (Fig. 241, A) 
Orifice tubular . . . , _ ’ 

f Zooecia narrow or small 
\ Zooecia ovoid ... 


f 

i 

{ 


47 

4fl 


( Orifice markedly tubular. Median pore conspicuous / 
. Colony very small. Zooecia irregularly arranged, wii 


48. 


49. 

50. 


Porina tnbulosa 

\ ^uuvcia irregularly arranged, with, no median 

* pore •••-.. tV //*; porella 

r Zooecia very convex, with a granular surface ; ovicells set far back 
Orifice wider than long . . . Macro, ulla microstoma 

\ oung zooecia with stellate pores. A minute avicularium, or meivlv 
a pore, on the upper and lower sides of the orifice in some zooecia. 

Anarthivpom moiuxlou 

Front of zooccium with an elevated margin, enclosing an area . 50 

Area not present . . . ' . . 

f Front wall wholly calcareous ... 

\ 1* ront wall wholly or ]>artly membranous 


{ 


51 

54 


» For CcllcjtorcUa (colony miuute : orilico tubular), see -11 cl 

b, ‘r, N f- 6I) ' iD ’ hi0, ‘ ”i««v Ih’l'oihos wiil'Ii 

y the development of a large muoro, is placed iu this section. 

V ° L - 11 2 M 
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( Avicularian or vibracular zooecia replacing an ordinary zooecium, or 
( at least situated between the zooecia . . .52 

| Avicularia and vibracula absent, or if present not replacing a 
V zooecium . . . . . . .53 


T Vibracula present Colonies small. A pair of longitudinal slits 
within the area .... Sttosella vulnerata 
52. - Very large avicularia present Ovicell closed by a movable lid. 

I Orifice subcircular, with a minute lateral tooth on each side. 

( Thalamoporella 1 (Steganoporella) smittii 

( Orifice semicircular, quite at the upper end of the zooecium ; usually 
I with a knob on each side . Micropora coriacea - (Fig. 250, C) 
63 ’ 1 A transverse chitinous plate lies immediately below the operculum. 
I A vibraculoid spine may occur . . Mcgapora Huge ru 


f Area entirely membranous, usually bordered by spines. 

Membranipora (including Electra ,J ) (Fig. 250, A) 
Membranous portion reduced to a small portion, which may be 

( variously lobed, enclosing the orifice. 

Membranipora (other species) (Fig. 256, B) 


55. 


Peristome present No mucro 
- Peristome absent ; or if present, with a raucro . 
(See also Mucronclla pavonella , No. 28). 


56 

57 


( Peristome collar-like, much raised below and at the sides of the 
I orifice, deficient above. No avicularia . . Phylactdla 

56 ‘ | Orifice large, longer than broad. Peristome not deficient above the 
{ orifice Lepralia 


t Wall of zooecium thin, shiny, and without pores 
57 ■ \ Not agreeing with the characters given under No. 58 


58 

59 


58. 


( A minute avicularium above the orifice, or where an ovicell is present, 
situated at the summit of that structure. Zooecia not quite 
contiguous. Mucro sometimes present . Chorizo)x>ra bro-agniartii 
No avicularia. Ovicells on rudimentary zooecia, lying in a plane 
superficial to that of the rest of the colony. Zooecia long. 

Schizovorella hvalina 



A more or less distinct mucro or prominence beneath the orifice. 60 
Mucro rarely present. Orifice nearly always longer than broad, or 
nearly circular, usually large, and slightly indented laterally. 

Lepralia 


f A tooth projects into the orifice from its lower side 
00 ' \ No tooth . • • . 


• 1 1 hicks, J. Linn. Hoc. xxi. 1889, p. 123. 

i Mu ropora complanata, Norman, should he placed in the genus Lepralia. 
Hincks, Ann. Nat. Hist. 5 ser. xix. 1887, p. 304. 

3 See Nornmn, Ann. Kat. Hint. scr. 6, xiii. 1894, p. 113. 
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61. 




Colony glistening. Orifice much obscured by the niucro and by 
stout spines developed from the peristome. Tooth (concealed in 
old zooecia) large, strongly curved to one side. 


RhyncJtopora ( Rhynchozoon J ) bispin osa 
Tooth of the lower margin of the orifice symmetrical, sometimes bifid. 
Avicularia may be present laterally, but are not developed on the 
mucro .... MucroncUa (Fig. 255, A) 


62. 


Orifice at least half the width of the zooecium, bordered below by a 
well-developed prominence or “ umbo.” Surface of the zooecium 
strongly areolated round the margin . . Umbonula 2 

Orifice considerably less than half the width of the zooecium. 

Schizoporclla (Fig. 239, B) 


Oyclostomata. 


65. 


Colony erect. Branches of two or one series of zooecia, divided at 
I intervals by chitinous joints. Ovicells pear-shaped. 

63, ‘ n , Orisia (Fig. 237) 

Colony erect* nnjointed . . # # .69 

[Colony in the main adherent; or circular; or lobed . 64 

j Colony more or less circular, discoidal or cup-shaped, sometimes 

' 1 r, formin 8 8econdur y colonies by marginal budding . 65 

l Colonics not circular . ua 

• • oo 

Zooecia separated by calcified interspaces, which may contain large 
pores, often difficult to distinguish from the orifices 66 

No large pores as above. Orifices not spiny. Zooecia nearly always 
contiguous, except where an ovicell is developed . 67 

P 

Colony composed of one or more convex discs, bearing radial ridges, 
each composed of many zooecia . . , Doinonora 

Colony encircled by a thin calcareous lamina, which gives rise tonew 
zooecia, its centre usually devoid of zooecia when adult, and often 
bearing the orifice(s) of the ovicell. Zooecial ori fices often spiny. 

Lichenopora 

Zooecia with a long, tubular, free portion, in some cases curved in a 
horizontal plane. Colony fan-shaped until a late stage. 

Tubular portion absent, or for ft. most part .urt^TfltS 


66 . - 


67. - 


p - ^.r 80 - 91) ' lQd0Xt 

for (see ch^^Tn " ***“ 
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68 . 


Zooecia in one or few series, forming a linear or branched colony, 
which is closely adherent, but may give rise to short erect 
portions. Branches narrow, but often broadening at their ends. 
Zooecia usually with a free upper end . . Stomatopora 

< Colony broadly lobed, some of the zooecia in transverse or oblique 
ridges composed of contiguous zooecia, arranged like a row of 
organ-pipes .... Idmonea serpens 

Colony broadly lobed, or fan-shaped ; zooecia in many series, which 
are not arranged like organ-pipes . . . Tnbulipora 


( Well branched. Orifices confined to one surface of the colony . 70 

\ Not much branched . . . . . .71 


f Zooecia in transverse rows, their upper ends united in the manner of 
a row of organ-pipes. Ovicell (when present) an inflation of the 
/v. -s front of the branch . . . Idmonea atlantica 

I Zooecia not in regular transverse rows. Ovicell (when present) large, 
y mostly on the back of the branch . . . Hornera 


f Branches cylindrical, their ends massive and raised into radial 
71. -I ridges, which carry the orifices . . Domopora stellaia 

I Ends of zooecia tubular, arranged all round the branch. Entalophora 


Ctenostomata. 


72. \ 


73. 


[ Colony entirely adherent, or forming thick, soft, erect lobes . 73 

Colony erect, well-branched, dark and opaque, resembling seaweed. 
Zooecia with a long tubular free portion . Anyuinclla palmata 

Orifice large, with two distinct lips. A variable number of stout, 
brown spines. Encrusting . . . Flustrella hispida 

Orifice small, rounded, borne by a more or less distinct papilla. 
Encrusting or erect. Zooecia crowded, rarely in single lines. 

Alcyonidium 

Orifice small, rounded. Zooecia widely separated, connected by 
narrow tubes . Arachnidium 


f Axis of colony erect, usually branched 
74- \ Axis creeping ...... 

( Zooecia in elongated clusters, which occur at intervals . 
Zooecia not grouped ; or in irregular groups ; or in whorls 


75 
79 

76 
78 

77 


76 . 


77 . 


f Zooecia regularly biserinl . . • 

Zooecia long, less regularly arranged. Polypide with a gizzard. 

Boicerbanhia (Fig. 238) 

Clusters of zooecia very regular, occurring immediately below a 
bifurcation of the axis. Zooecium with a broad base, not movable. 

A muthia lenditjera 

Zooecia arranged like the pinnules of a leaf, with a constricted base, 
and movable on the branch . • Mimostlla ijracilis 
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78 . 


79. ' 


Main stein zigzag. Branclilets delicate, many ending in sharp points. 

Zooecia small, ovoid . . . Vtsicularia spinosa 

Axis jointed. Zooecia small, in small clusters. Polypide without a 
gizzard .... Valkeria uva, var. cuscuta 
Zooecia in whorls, attached to the axis by thread-like stalks, much 
longer than themselves . . . Hippuraria egerUmi 

( Zooecia pear-shaped, produced at the lower end into a distinct stalk. 

80 


Gizzard absent 


/ Zooecia transparent 
’ \ Zooecia brown, often quite opaque 


j Zooecia not distinctly stalked, although sometimes constricted at the 
' base . . . . . . .81 

'Stalk long. Zooccium movable on its stalk, compressed, with a 
membranous area on one side. Twelve or more tentacles. 
Usually found on Crustacea . . . Triticella 

80 Stalk variable. Zooecium very transparent ; orifice bilabiate. Ten 
to sixteen tentacles . . . Varrella repens 

Zooecium very small, much elongated and narrow. Eight tentacles. 

Valkeria Iretnula 

(See also Arachnidium, No. 73). 

( Zooecia Bliort, minute, with a few short spines on each side of its 
81. ^ broadened base. Upper end tubular . Buskia nitens 

| Zooecia elongated . . . . . .82 

. 84 

. 83 

f Zooecia large (about inch long), distant, constricted at the base, 
bearing scattered bristles. Usually found on Crabs or Hydroids. 

Avenella fusca 

V. Zooecia tall, cylindrical, not constricted at the base . Cylindroecium 

'Zooecia minute. Axis dilating at intervals into swellings, from 
which new zooecia originate. These may give rise to new stolons, 
or directly to new zooecia. No gizzard. Found in brackish or 
freshwater .... Victorella pavida 

l Axis not dilated, as above . . # # .86 

f Zooecia small, in small groups. No gizzard . . Valkeria uva 

80 . ^ Zooecia long, scattered or in groups. Gizzard present 

l Boiocrbankia (creeping forms) 

It is highly probable that the Ctenostome genus Hypophordla 1 

will before long be added to the British Fauna. The animal 

consists of delicate stolons, which give off small zooecia at 

intervals ; and it is known to excavate passages in the substance 

of the tubes of certain Polychaet worms ( Chaetoptcrus and 

Isanicc ). 

p. Li!® ArC/l ' ZO ° 1 ' ^ 2 “ r ‘ Ti ' 1888> r- ”5 (m Ddagia), aud ibid. x. 1892. 
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ADDENDUM TO CHAETOGNATHA 


Since the Chapter on the Chaetognatha was printed the 
following list 1 of “ The Known Chaetognatha of American 
Waters ” has appeared : — 

1. Sagitta elegant Verr. This species resembles S. bipunclata ( vide pp. 

191 and 193), but differs in size, in the relative proportions of 
caudal and body segments, and in the presence of diverticula from 
the intestine. 

2. Sagitta JUiccida Con. This species resembles S. hexaptera (vide p. 193) ; 

it is, however, smaller (length, 1-3— l - 8 era.) and has more spines 
(anterior, 7-8, posterior, 10-12), and its tail segment is relatively 
smaller. 

3. Sagitta tenuis Con. Length, 5 25 mm. ; hooks, 7-8 ; anterior spines, 

4-5 ; posterior spines, 7-10. 

4. Sagitta hispida 2 Con. Length, 7-1 1 mm. ; hooks, 8-9; anterior spines, 

4-5; posterior spines, 8-15; tail segment one-third body length; 
intestine with two diverticula ; sensory hairs very numerous. 

5. Sagitta hexaptera (vide p. 193). 

6. Krohnia hamata (vide p. 194). 

7. Spadella maxima Con. Length, 5 2 cm. ; hooks, 6 ; anterior spines, 3-5 ; 

posterior spines, 6-7 ; epidermal thickenings round the neck. 

8. Spadella draco (vide p. 194). 

9. Spadella schizoptera 2 Con. An opaque, yellowish-brown species living 

among algae. Length, 4 nun.; hooks, 8; anterior spines, 4-6; 
posterior spines wanting. Caudal segment occupies one-half the 
body length. 

Professor Verrill states that the name S. gratilis ( vide p. 191) 
was due to a clerical error, the species really referred to being 

S. elegans. A - K S ‘ 

1 F. S. Conant, Johns Hopkins Univ. Cire. vol. xv. 1896, p. 82. 

a Ibid. vol. xiv. 1896, p. 77. 
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Acaxflla , as host, 298 
Acanthobdella , 396 

Acanthocephala, 123, 124, 174 f. ; embry- 
ology, 179 ; classification, 181 
A canthocotyU, 73 

AcAuthodrilidae, 357, 362, 381, 383, 384 
A can Oi txlril ns, 356, 363, 366, 372, 382, 
884 \ choetae, 350 
Acanthozoon, 20 

Accessory gut, of Polycliaeto, 305 
Accros, 19 
Achacta, 445 
Achdoe, 297 

Aciculum, 247 ; fossil, 302 
Acmostoma, 30 

Aceela, 42 ; occurrence and habits, 43 ; 

reproduction, 47 ; classification, 49 
Acotylea, 16 f., 17, 18 
Acrorhynchus, 49 ; occurrence, 44 
Actinotrocha larva, 456 
Aclinurus, 201, 888 
Acycltuty 221 

Adaptation, of Trematodes, 62, 62 ; of 
Cestodes, 74 ; of Nematodes, 161 
Adherent, 523 
Adintla, 204, 222. 227 
Adventitious avicularia, 482 
Aeolosoma, 349, 363, 354, 360, 870, 374, 
376 

AcUa , 618, 526 
Agassiz, on 8yllid&e, 280 
A laurina clapartdii, 49 
Albcrtia, 204, 210, 213, 884, 227 
A let ope, 316 

Alciopids (Alciopina), 314 ; head, 203 ; 
parapodium, 265 ; habit, 291 ; light- 
organs, 294 

Alciopina parasitica , 298 
AlcyoncUa, 494, 605, 618 
Alcyonellea, 618 

Alcymidium , 477, 480, 492, 618, 582; 


structure of rooecium, 469 ; reproduc- 
tion, 507, 508 ; larva, 510, 511 
Alimentary canal — see Digestive System 
AliUu, 317 

AUantoncma^ 131, 160, 161, 161 
Allman, on Polyzoa, 474, 475 
AlloeocoelA, 43 ; habits, 46 ; reproduction, 
47 ; classification, 50 
Alloiogenesis, 66 n. 

Allolobophora. 351, 367, 369, 371, 386, 
389, 390 f. ; cocoons, 360 
Alloetoma pallidum, 60 
AlluroideSy 379 

Allurus , 851, 360, 370, 889 ; cocoons, 360 
Alma, 352 f. % 387 

Alternation of generations, 66, 81, 281 
Amathxa, 481, 618, 532 
Ammocharidae, 268, 326 
Ammolrypane, 273, 331 ; intestine, 271 
AmphartU, 330 
Ampharetidae, 868, 330 
Amphibia, Trematodes of, 55, 62, 71, 72 ; 

Nematodes of, 163 
Amphichacta, 377 
Amphicocrus, 49 
Amphicor u, 339 
Amphicorine, gill, 261 
Amphicorinidae, 858, 339 
Amphicteis, 330 
Amphictenidae, 868, 330 
AmphigUna, 273, 339 
AmphiUptus , 235 
A mphilina, 91 

Amphinome, eye of, 255 ; A. smaragdina , 
colour, 298 

Amphinomidae, 868, SIS ; shape, 259 
caruncle, 260, 273 n. ; head, 262, 263 
parapodium, 264 ; cirri, 265 ; chaetae, 
267, 267 ; in Lcpas, 297 
Amphiporus, 102, 114 ; British species, 110 
Amphiptyehes, 77 


#• •• 
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Aniphistomatidae, 73 

Amphistom um, 71. 7 J ; J. tannin is, 63 

.I/ny/Ai/riV*', 327, 5-?«S’ ; gill, 329 

AmjatUaria, Tcnnoccphala with, 53 

A nachaeta, 350, 370, 395 

Anal, cirri, 259 ; funnel. 259, 332, 333 ; 

vesicles, 358, 136 
Anangian worms, 253 
Anarthmpora, 529 
Ancytostomum, 143, 163 
Andrews, on Sipunculus, 417, 426 
Any iost am um, 134 
Angler- fish, Trematodcs of, 62, 72 
- 1 ng uill ula (ter l #, 1 2 5, 154 \ A . tritici , 
125 ; A. dipfogaster , 155 
Anguillulidae, 137, 154 
A ngu inc/fa, 532 
Annadrilus, 3SG 
Annelida, 241 
A unce/ is, 42 
Anonytiiidac, 10 

Anonymus, 16, 18, 19, 20 ; penes, 27 
Anopla, 109 

Ano/docephala , 01; characters, 90: A. 
ma mil lana , 90; A.perfolinta, life-history, 
83 ; specific characters, 90: A. j/licala, 
.specific characters, 90 
A ituplodiscus, 73 

Auoplodium, 50; A . jxtrasUicum . occur- 
rence, 45 
Antaeus* 388 
Antedon, as host, 342 
Antenna, of Rotifers, 215 
Anthohothrium, 76 ii., 91 
Anikocotyle, 73 
AntinoV , 298 
Antipathes, as host, 298 
Annraea , 225, 226 
Anuraeidae, 201, 205, 225 , 226 
A’ooii, an edible worm, 297 
Apel, on Priapuloidea, 433 
Aperture, of zooecitim, 468, 517, 523, 624 
Aphaneura, 353, 374 

A pha ii ostoma, 49 
Aphaiiostoinatidae, 40 
Apheltnchus , 131, 155 , 157 
Aphrodite , .7/2; shape, 258 ; head, 260 ; 
peristomium, 263 ; chaetae, 268 ; felt- 
ing, 312 ; intestine, 271 ; genital cells, 
273 ; colour, 291 : A. aculcata , 312 ; 
distribution, 299 ; A, echidna , 299 
A ph rot 1 i t id ae, 258, 300 ; frontal ridge, 260 ; 
parapodium, 264 ; elytra, 266, 309 ; 
chaetae, 266 

Apical plate, of Trocliospherc, 245 
Apod ina, 235 
ApothndtB, 225 

A pof/on, Scotcx jHilymorphu* in, 77 
Apsilidae, 201. 203, 214, 220, 221 
ApsihtH, 213, 214, 221 
A r obeli Lies, 302 
Aruehnitlium , 532 


Archiannelida, 241 ; anatomy, 243 f. ; 

nerve cords, 255 ; development, 243, 245 
Archigetcs, 5, 74, 76, 01 ; significance of, 77 
Area, of zooeciuin, 623, 524 
Arenicola, 333; perienteric sinus, 252; 
nephridium, 253, 254. 269 ; pro- 

stomium, 259 ; body, 259 ; head, 264 ; 
gill, 265 ; chaetae, 266 f. ; genital 
organs, 273 ; otocyst, 273 ; burrows, 
285 ; pigment, 291 ; colour, 293 ; A. 
marina, 333 ; habits, 301 ; in brackish 
water, 284 ; as bait, 297 ; eggs, 314 
Arenicolidae, 258, 333 
A rgiloph il us, 372 
Arhyuchidae, 185 
A rhyncJi us hem ignath i, 181, 185 
A ricia, otocyst, 273 ; eggs, 275 
Ariciidae, 258, 321 ; gill, 265 
Aristotle, on Earthworms, 347 
Annata, 445, 446 
Arthropod.!, absence of cilia in, 124 
Articulata, 517, 518 
Ascaridae, 131, 138 , 163 
A scar is, 130, 163; A. acus, 130; A. of at a, 
EfTT; .1. depressa, 141 ; A. ferax, 141 ; 
A. iururva, 141 ; A . teptapiera , 141 ; 
A . lumhricoides, 125, 134, 135, 139. 
163 ; -1. meyaloceji/utla, 125, 127, 128, 
131, 136, 140, 163; A . mucronata, 
141; A. mysta. r, 125, 130, 140; A . 
nigrortnosa, 155 ; A. rnbicunda , 141 ; 
A. su iliac, 130 ; A. sulcata , 141 ; A. 


transfnga , 125, 126, 141 
1 scodictyon, 521 n. 
i scorn or pha, 223 
iscnptxiaria, 488 n. 

1 sell us. Rotifers attached to, 227 
isexuai reproduction, in Tridads, 40 ; in 
Rhabdocoels, 14 ; in Cestodes, 80 ; in 
Trie hop! ax and Salinelia, 96 ; in Poly- 
chaeta, 278 f„ 279, 280, 282, 340 ; in 
Oligocliaeta, 374, 375, 377 ; in Polyzoa, 
496,514 

Lspidobothridae, 73 
\spidocotyle, 73 
Lspidoeotylea, 73 
\spidog aster, 63, 73 

I spidosiphon, 421, 423, 424, 425, 428 ; 

commensalism of, 429 
I spfanchna, 200, 205, 210, 213, 215 u., 
223, 226 

isplauchnaceae, 203, 212, 220 , 
jtplanclinidne, 200, 201, 208, 205, 211, 
212, 216, 223, 226, 230 

9.01 . 211. 222. £83, 226, 


230 


Ass, parasites of, 140 

Association, of Rhnbdocoels with Lamelli- 
brnnehs and Sca-urcliius, 45 ; of Moiio- 
fuse us with littoral animals, 46 ; 
significance, in Turbellaria, 51— sec also 
Commensal and Parasitic 


INDEX 


537 


Asterajje^ 315 

J strfpcetcny as host, 297, 309 
Atokous phase, *277 n. 

Atrachmema^ 131, 150, 162, 153 
Atrium (genital), in l*lanarui % 38, 39 ; io 
Oligochaeta, 361, 378 
Atroiknn, 213, 214, 221 
Auditory organs, of Turbellaria, 26 ; of 
Hoploneniertea, 106, 110 ; of Nematoda, 
128 ; of PolychoeU, 273 
Aulastomum, 393, 399, 403 
Auricles, of Rotifers 205 
Auktlyins, 308 ; eye, 255 ; denticles 270 ; 
brood -sac, 275, 276; reproduction, 278, 
279 ; sexual dimorphism, 281 ; A. 
eggs 276 

-I • ••nol"S 9 British species, 50 
A 633 

Avicularian zooeciuin, 482, 524 
Aviculariuin, 466, 467, 468, 482 f., 482, 
516, 617, 622 f., 524 : adventitious 
432 ; vicarious 482 ; vibraculoid, 484, 
485 ; structure, 483 ; movements, 485 ; 
function, 486 
A xiue, 56, 73 
Axioihea, 332, 333 

Baet.y, on human parasites, 139 
Baird, on Oligochaeta, 382 
Bait, Polychncta as, 297 
Baker, on Rotifers, 197, 207 ; on Polyzoa, 
496 in J 

Bal(nu»jl<iSYU3$, aftiuities of Nemertinea 
with, 120 

Bol afro, 204, 212, 22 4, 227 
Balfour, on Trochosphere, 229 
JlarcnLtia^ 488 ii. 

Barrois on Polyzoa, 509 
Basement - membrane, of Lepioplana, 
11 , 12 ; of Nemertincs, 102, 103 , 

Bathymetrical distribution, of PolychaeU, 
300 

lS<UIlo<lrUu8 % 37 C 

Bdelloido, 201, 203 f., 211. 213, 215, 216, 
222, 227 
Rdcllouridae, 32, 

Urania, 518 , 525 

Beddard, on Ttlraslemma aquarium dut- 
emm, 118 ; on Oligochaeta, 347 f. ; on 
Lceclics, 302 f. 

Bedsvell, on Rotifers, 198 
Bcueilen, van, on Cesto.les, 76 ; on Nema- 
todes, 162 ; on 1 •hvrtmia, 450 
Bonham, on a fresh- water Telrasteinma, 
118 ; on Archianntliila, 241 f. ; ou Poly- 
chaeta, 245 f. ; on Myzostomana, 341 f. ; 
on Oligochaeta, 357, 373, 332 ; on 
1'horonis, 462 f. 

Benhamia, 383 f. 

Bird /aria, 4S1, 618, 526, 527 
Biltinger, on Rotifers, 212 


BiOutrziU' 4, 73; IS. crassa, 70 : IS. haema- 
t"hin % 63, 68 f., 69 
Binnist «*s 380 
Bipaliidae, 35, 2/2 
Bipaliu,^ 33. 34, 42 , 408 
Birds, Trematodes of, 62, 63, 64, 72 ; 
CVstode* of, 77 f., 84, 85 ; Ncmutode.x 
of, 14 4, 149, ]63 ; O' orti i us of, 173; 
Acanthocephala of. 184, 185 
Bisexual, Turbellaria, 44 ; Trernatodes 
70 f. 

Bladder, of Rotifers 214 
Bladder* worms «*>, 79 f., 89 
Blanchard, on Cestoda, 91 ; on Hirudinea, 
392 f., 405, 408 

Bias tome res, of egg of l>istom u m, 65 
Blood, of Nemertinea, 10S; of I'olyjonlius, 
24 4 ; of Chaetopoda, 252 ; of Chlor* 
haemidae, 252, 334 ; of Mugelonn, 
252, 325 ; of Sabellifonnia, 252, 
337 

Blood-corpuscles, in Chaetopoda, 252 
Body-cavity (including Coelom), of Nema- 
to«la, 130 ; of iSordtus, 166 ; of Acan- 
thocephala, 175, 178; of Clmetogimtho, 
187 ; of Aixlnanuelids 243, 244 ; of 
Polychaeta, 249 ; of Myanma, 343 ; 
of Oligochaeta, 355 ; of Leeches, 397 ; 
of Gephyrea, 416; of PTwronis, 454, 
462 ; of Polyzoa, 468, 488, 495 
Body-wall, of Nemertinea, 102, 103; of 
Nematodes 125 ; of Gordiidue, 165 ; of 
Acanlhoccphaln, 175 ; of Chnetognatha, 
187 ; of Rotifers 205 ; of AVrcis, 249 ; 
of Oligochaeta, 349 ; of Gephyrea, 414, 
436 ; of Phorvnis , 454 ; of Polyzoa, 
470, 495, 500 
Bohadsch, on Gephyrea, 411 
ISofurmilla, 377 ; ebaeta, 350 
Bonellein, 435, 292 

/WtftVi, 411, 434, 44^ ; anatomy, 434 f., 
436 ; male, 438 ; development, 439 ; 
habits of, 442 ; ms host, 297 
Bonnet, on Oligochaeta, 348, 379 
Boring Worms, 286, 2S7 
Borlase, on Linens mar in us 99 
Bitrlasia eli.zafvt/uie, Ul t 114 
Bothriocephalidae, 01 
Bothriocephaliuae, 01 

Both riihvphalug, HI ; «. cantatas, 81, 01 ; 
rristatMS, si, 01 ; 71. ldtu.% ill man. 
hi, 01 ; life-history, 84 ; reproductive 
organs, 87 f. ; larva, 87; 71. mansoui 
( — 71. ligidoidfs), 81, 01 
Il'fthriocerca, 226 

ISo/hrioneuton y 379 
Bothriopliinti^ 46, 50 
Bothriophuiidne, 42, 46, 50 
Bttth romesttstoma ]*'r»>natum t 40 
Bourne, ou Oligochaeta, 352, 373, 377 u. # 
SS 0 ; on Leeches 400 
Bouvier, ou commensal Gephyrea, 429 
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Boicerbankia^ 470, 480, 4S1. 492, 500, 518, 
532, 533; larva, 511, 513; budding, 
514 

Brachionidae, 225 

Brachionus , 200, 201, 204, 21 S, 225, 226, 
227 

Brachydrilus, 357 

Brackish water. Rotifers, 226 ; Polychaeta. 

281 ; Polyzoa, 492 
Bradynenui, 150 , 151, 160 
Braem, on statoblasts, 503 f. 

Brain — see Nervous System 
Branch ell ion, 393, 395 , 397, 401, 406 
Branchial crown, 336 ; regeneration of, 
2S3 

B ra nrh u bdella , 370 

Branchiomvia , 337 ; gills 261 ; eyes, 272 ; 

B. riyilans on Aphrodite , 299 
Bmnchiura. 352, 361, 367, 373 f.; trans- 
verse section. 353 

Braun, on Phitvhelminthes, etc., 6 n., 55 n., 
62. 94 

Brett ul, 525, 527 
Bristles = Chaetae, q. r. 

Bristle- worms, 241 

British, Polycladida, 19 ; Tricladida, 42 ; 
Rhalxlocoelida. 49 ; Ne inert in ea, 100, 
110 f . ; Polychaeta, 306 f. ; Earth- 
worms, 390 ; Leeches, 393 ; Gepbyrea, 
449 ; Polyzoa, 488 n., 505, 523 f. 
Brood-pouch, of .S/nrorAis, 261, 276, 341 ; 
of SaluiacinOy 276 ; of Entoprocta, 487 , | 
507 

Brood-sac, of AiUolytus, 275 ; of J/yruj- 
n idu , 280 

Brown l*o«lv, in Polvzoa, 468 , 471 f., 472 , 
489, 496. 510, 514 

Brown tubes (nepbridia), of Sipunculoidea, 
415 , 417, 423, 425 ; of Echiuroidea, 
435 , 437, 439, 441 ; of Epithetosomat- 
oitlea, 445 ; used as generative duct*, 
418, 438 ; absent in Priapuloidea, 430 
Brvozoa, 475 

Buccal region, in Polycliaeta, 249, -.50, 
269 ; of Nereis dicersiaAur, 248 ; of X. 
cultrifertL, 316 

Buchanan, on marine muds, 423 
BarhluAzia , 359 

Budding, in Syllidae, 279. 283 (see also 
Gemmation) ; in Polyzoa, 467, 514 (see 
al>o Polypide-bud) 

Bngula, 467, 468 , 477, 481. 515, 517, SIS. 
519, 526; avicularia, 483 , 485 ; larva, 
511 

Bunge, on respiration in Nematoda. 130 
Burger, on Neiuertinea, 109, 112; on 
Neeionana, 168 ; on Hirudinea. 397, 403 
Burrows, of Polychaeta, 285, 304 ; ol 
Cirmtulus , 286 ; of Nereis, 286, 316. 
317 ; of Arenicoia, 333 ; fossil, 302 ; of 
Earthworms, 368 ; of Sipuundns, 426 
Bursa semiualis in Rhabdocoels, 48 


Busk, on Polvzoa, 465 m, 475, 487, 519 
Buskin, 533 

Butschli, on Xematoda, 137 
Byrsrphlebs , occurrence, 44 ; British 
species, 40 


Ca BEREA, 487, 518 , 526 ; vibracola, 486 , 
517 


Caecum, in Polyzoa, 499 
Calathus, host of Gordins, 172 
Calceostominae, 73 
CaUeostomum, 73 

Caldwell, on Phorvnis, 454, 456, 461 
Calicotyte ; 73 

Callulinn, 201, 202 , 204 , 218, 219 , 232, 
225, 227, 230 

CaUiiAtothriiunj 74, 75, 76 n.. 85, 01 ; 
larva, 77 

Calotte, of Dicyemids 93 
Calyx, 488 

Came ran o, on development of Gordins, 170 
Capitella, 331 ; peristomium, 263 ; special 
ebaetae, 267, 268 ; habitat, 2S6 ; colour, 
291 ; C. cap it a to, distribution, 299 
Capitellidae, 258 , 331, 373 
Capitellifonnia, 258, 305 ; guanin in. 
253 ; body, 259 : buccal region, 269 ; 
siphon, 272 ; ciliated organ.**, 272, 273 ; 
genital organs, 273 
Carabus, host of Gordnu, 172 
Carinelta , 112 ; British species. 112 
Carinellidae, side organs of, 107 
Caruncle, of Axnphinomidae, 260, 273 m, 
318 


'aryophyUaevs, 91 ; C. mutabilU, 7# 
'astalia, 308; distribution of, 300 
astings of Polychaeta, 285 ; fossil, 302 ; 
of Arenicola, 333 

'astrada, 44, 49 , _ _ 40 

at, parasites of, 80, 125, 130, 140, 143, 

144, 145 

\UeniceUa, 5 IS, 519 
’atenula, 40 
'athypna, 225 
!athvpnidae, 225 

W laria, 479, 515, 518, 519, 526 ; rooecia 

and avicularium, 482 
Viepora, 518, 527, 528, 529 ; ancuUna. 

483, 517 
'dleqxrrella, 529 
'dlularia, 518, 527 
ellularina, 518 

'ement -glands, of Rotifers 20;» 

•ephalic slits, of Nemertinea, 101 , 104 , 10/ , 

fephaiisation, in_ Polychaeta, 263 ; in 
Oligochaeta, 377 

Vphnl odiscus. 461 f. f 

■ephalopods parasites of, *8, 92 ; list of. 

containing Dicyemids, 94 
'ephalosiph on, 205, 221 
' ephalothrLr , 112 
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Cercaria* 13, 05, (37* 71 f. ; C. macrocerca , 

72 ; C. eys1oph</ra > 72 
Cercyra* 42 

Cerebral organ, of Neinertinea, 107 ; of 
Gcphyrea, 417 

Cerebi'tituius, 101, 111, 114 ; British 

species 111 

Cerfoutaiue, on Earthworms, 349, 350 
Cestoda, characters of the group, 5. 74 ; 
nature of, 76 f . ; occurrence, 77-82 ; 
life-histories, S3 ; structure aud develop- 
ment, 84-89 ; synoptic table of, 89 f. ; 
classification, 91 
Ceatodariidae ( = Monozoa), 01 
Cestoplana* 17, 18, 19 
Cestoplauidae, 10 

Chaetae, 241 ; of Polychaetn, 266, 267 ; 
provisional, 274 ; of Nereis, 246, 247 ; 
of Heteronereid, 276, 277 ; jointed, 246 ; 
natatory, in sexual flyllid, 278, 307 ; 
iridescent, 268, 291, 312; palmate, of 
Coubangia* 339 n.; colour, 291 ; geuital, 
of CapUcllfi , 331 ; of Stemaspis, 336 ; 
special, of Po/ydora, 261, 267, of Chat- I 
iopitrus, 267, 324 ; of Alyzostonuu 342 ; 
of Oligochaeta, 347, 350, 351, 352 ; 
penial, 362 ; of Microdrili, 375 f.; of 
Megailrili, 381 f.; of Lumbricidae, 389, 
390 ; of Leeches 395, 396 ; ( = hooks), 
of Echiuroid Gephyrea, 434, 435, 438, 
440 f. t 446 
Chaetifera, 445, 446 
Chaetobrunchns, 352 

377. 401 

Cffnetognatha, 186 f., 534 ; anatomy, 186 ; 
development, 189 ; habits 189 ; classi- 
fication, 191 ; key to, 193 ; Aiuericau 
apecies, 534 
Chnetcmatus* 232, 235 
Chaetopodo, 241 f. ; as food for Nemertinca, 
115 

Chaetopteridao, 258, 323 
Chaetopterus, 304 n„ 333; anatomy, 323 f. ; 
special chaetae, 267 ; larva, 274, 325 ; 
pigment, 292 ; phosphorescence, 295, 
29G ; commensals of, 298, 478, 533 ; 
Ch. xxiriopedatt/Sy 324 
CUatlonom «, 158 
Chaetosomatidae, 15S 
Clutctosyllis, form of head, 278 
Vfuirtinont, 326 ; unciui, 268 
Chaeiura, 235 
Chalk, Serpulids of, 301 
Charles, on male guinea -worm, 148 
Cheilostoinata, 477 , 506, 6 IS, 519, 525, 
526 f. ; occurrence, 478 ; external 
characters (see also Aviculariuiu and 
Vibrncnlum), 48J ; ovic*)lx, 507 : re- 
pr<xluctiou, 507 f. ; larva, 511 ; fossil, 
521 

Oblige, Delle, on Gepliyrea, 411 
ChickofT, on Triclods 41 


Ohinmomus, host of Gordius, 172 
Chitin, 249, 267 ; in coelomic corpuscles, 
252 

Chloeia, colour. 291 

Chlorhacmidae, 258, 305, 334 , 336 ; 

chlorocruorin in, 252 ; head, 260, 262, 
264 ; palps, 260 ; tentacles, 262 
Chlorocruorin, 25*2, 334; colour due to, 

291 

Chone y 33S 
Chorizopora* 530 

Cilia, 3 ; of Lcptoplana, 10, 11, 12, 15 ; 
of Poly cl ads, 23, 25, 26 ; of Muller’s 
larva, 29 ; of Land Plauarians, 33 ; of ^ 
Plauaria lactcti, 35 ; of Tcmnncephola, ^ 
53 ; of Treinat ode -larvae, 3, 59, 60, 65 ; 
of Ceatode- larvae, 87 ; absent in certain 
groups 124, 396 ; of Rotifers 202 f. ; 
of Arch i an uelida, 243, 24 4 ; of Ecliiu- 
roidea, 434 ; of Pkoronis, 153 ; of 
Polyzoa, 467, 470 

Ciliated, lappets of PternspUis, 273 n. ; 
pits of Polt/goniiu*, 24 4 : pits ( = nuchal 
organs), of Polychaeta, 272 f. ; organs, 
of Cnpitellifonnia, 305 
Cingulum, in Rotifers, 202 
Cirratulidne, 258* 325 ; gill, 265 ; tentacu- 
lar filaments 304 n. 

Cir rat ulus, 326 : burrows 286 ; pigment, 

292 ; colour. 293 ; viviparous, 276 ; C. 
tentaeulatus, 326 

Cirri, of Nereis , 246 ; of Polyehaeta, 265 ; 
of Myzastoma* 312 ; anal, 259 ; nuchal, 
ofEunicidae, 318; peristomial, of Nereis, 
248; nerves to, 254 ; of Polyehaeta, 263 
Cifulocura y with Myxicola* 294 
Clnparede, on Heteronereis 276, 277 ; on 
Earthworms 347, 355, 356 
Claus, on Neiuatoda, 138 ; on Seisonaceao, 
225 n. 

Clepsi hc — see Glossiphon i« 

Clitellio , 366, 378 

Ctoeosiphon, 424, 425, 429 

Clover sickness, 155 

Clymene, 333 ; C. cbiensh* tube of, 287 

Clyinenidae — 5*?e Mnhlunidac 

Coabauyia , 284, 380 n. 

Cobb, on Neni aUxIs 131 n., 138 
Cobbold, on Nciuatoda, 140 
Cobitis, hast of Gordius, 173 
Cochleare , 225 

Cocoons, or Triclods, 40 ; of Oligochaeta, 
304, 365 ; of Leeches 404 
Coelom — seo Body-cavity 
Coelomic fluid, of Polyehaeta, 252 ; as 
cause of colour, 291 
Coe/op its* 225 
Cohn, on Rotifers, 198 
Collar, peristomial, of Sabellidae, 336 ; c.f 
Gephyrea, 421 ; of Ctenostomota, 470, 
477, 480, 481 

Colonial nervous system, 471 
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Colony, of My r lunula, 281 ; of Syllis 
ramosa, 282 ; of Polyzoa, 466 
C'olourof Polyclads,20: of Laml Planarians, 
33 ; of Nemertinea, 102 ; of Polychaeta, 
291, 314, 340 
Coluridae, 207, 225 
Coin rus, 225, 226 
Comat ula, as host, 342 
(Jomniensah Polychaeta, 297 f., 323, 325 ; 
^ G?phyrea, 428, 429 ; Polyzoa, 489 
Conn, on development of Gephyrea, 419 n., 
441, 444, 447 
Conoceros , 19 

Conochit us, 202, 203, 205, 215, 221, 226 
Conocyema , hosts of, 94 
Convoluta , 46 ; British species, 43, 49 ; C. 
henseni, pelagic hahit, 43 ; C. roscojfensis, 
assimilating tissue, 43 
Copepoda, on Polychaeta, 299 
Copeus , 215, 224 
Coral reefs, Polychaeta in, 293 
Corallina (=Coralline Alga), 14, 488, 516 
Coralline, 465 
Coralline Crag, 465, 521 
Coral foboth rium , 91 
('urethra, host of Gordius, 172 
Cori, on I'homnis, 451 f. 

Cm'n utiles, 302 
Cotylea, 16 f., 17, 18 
Cotyhujaster, 72 
Cotylopln fifty 35 
Crate nunurjdui, as host, 282 
Cravfish, Temnoccphalu associated with, 
63 
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Creeper, 317 
Crepina, 450 

Cretaceous, Polyzoa, 520, 521 
Cribriliaa , 51S, 624, 528 
Crinoids, as hosts, 341 
Criodrihis, 3.’i8, 366, 380 
Crisia, 471, 478, 479, 480, 507, 518, 
Crisiidae, 517 
Crisp, on Parasites, 164 
CristnUlla . 494 f., 496, 499, 501, 503-505, 
512, 518 ; attacked by Planariaus, 486 ; 
movements, 494, 496, 498 ; fission, 496, 
506 • st a to blast, 502, 603 ; larva, 512 
Crossopoilia, 302 
Crotchets, 266, 267, 305, 322 _ 

Crustacea, parasites of, 174, 179, 1S2 
Cryptocelis , 19, 24 

Crvptocephala, 258, 303, 305 ; vascular 
system, 252 ; prostominm, 259 ; tenta- 
cles, 263 ; eyes, 272 ; food, 296 
Cryptodrilidae, 357, 362, 373, 35-+ 
Cryptu*lrUu8, 372, 382 f. 

CUtunlrilus, 373 
Ctenophorcs, as hosts, 298 
Ctenostonmta, 470, 477 , 479 480. 518, 
532; occurrence, 4/8; in fresh \vaa*r, 
492 ; external characters, 480 : repro- 
duction, 507; lnrv • 511 ; relation to 


Phylactolaemata, 493, 502 f. ; fossil, 
521 n. 

Cucullanus , 136, 142, 163 ; C. elcyans, 
143, 161 

Cucumaria , as host 298 
Cuenot, on Gephyrea, 416 n. 

Cuticle, of Neinathel min thes. 125, 165, 
175 ; of Rotifera, etc., 205, 233, 236 ; of 
Polyzoa, 470 — see also Epidermis 
Cuvier, on Oligochaeta, 352 ; on Gephyrea, 
411 

Cy cla tel la, 439 
Cyclicobdella , 392 
Cycloporus, 19, 22, 24 
Cyclops, parasites of, 143, 148, 161 
Cyclostomata, ,$77, 479, 506, 517 , 518 , 
525, 531 ; occurrence, 478 ; external 
characters, 480 ; ovicells, 507 ; repro- 
duction, 507, 511 ; larva, 511 ; fossil, 
520, 521 

Cydippe, as host, 298 

Cyli ndroeci u m , 533 

Cyf i ndrostomu, 46 ; British species, 50 

Cyphonautes, 609, 510, 512, 520 

Cyprina , Malacobdella found on, 119 

Cyrtonia , 224 

Cyst, of Laml - Planarians, 33 ; of Myzo- 
stoma, 342, 343, _ 344 ; (capsules), of 
Acofosoma, 370, 375 
Cystibranchus , 395, 4 f >3 
Cysticercoid-larva, 83, 85, 88 
Cysticcrcus- larva 79, 80 ; list of, 83 ; C. cel- 
lulosae, 79, 80 ; C. pisiformis, develop- 
ment. 81, 85, 89 , 

Cysticolous, Myzostomaria, 344 
Cystoidotaeninae, 91 
Cystotaeuinae, 91 


DACTYLOGYIiVS . 73 

Dal yell, on habits of Tnrbellaria, 6, 10, 
20 ; on regeneration in Polychaeta, 283 ; 
on tubes of Polychaeta, 287 ; on Hiru- 
dinea, 405 n. ; on larvae of Flustra , 46b ; 
on Crista tc/la, 496 

Danielsseu and Koren, on Gephyrea, 442, 


444 

iphnia, Rotifers attached to, 22/ 

rwin, on Earth worms, 354, 359, 368 

tst/brancJius, 331 ; gill, 268 

sychouc, 338 ; gills, 261 ; eyes, 272 ; 

regeneration, 283 

is y deles, 232, 235 

vaine, on Nenmtoda, 140, 14:» 

wainau 91 ; 1>. fricilhageri , 84 ; D. 

madtujascariensis, 80, 84 ; />. jn'oylottina, 

life-history, 84 

veil port, on Cm a tel la , 491 

vis, on Rotifers, 227 

ep-sea, Polychaeta, 300; Polyzoa, 4/8 

iuixtrilus, 351, 384 

layia, 478 n. 
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bcndrolmena, 3S2 
Jicuth'ucuelurn, ‘JO, 35* 39 
Iftndrostunio, 422, 425, 428 
Deiidy, on Land Platiarians, 33, 34, 3S 
Denticles, 248, 250, 318, 522 
hero, 352, 377 
JhrtosUmm % 44, 50 
380 

Dcstuoscolecidae, 159 
JJfstitoscoU.r, 169, 258 

Desor, on Xemertinc development, 99 ; 
T> jhj of, larva, 113 

Development, of Polyclads, 28 ; of Neiner- 
tinca, 99, 113; of Xeiuatodn, 135; of 
Oord itrs, 171 ; of Acuntliocephula, 179 ; 
of Chnetoguatha, 189 ; of Rotifers, 218 ; of 
Archiaunelida, 243, 215 ; of Polychnetn, 
274 f. ; of Oligoch.aeta, 385 ; of Leeches, 
399 ; of Gephyrca, 419, 432. 439, 447 : 
of I'horonis, 458 ; of Polyzoa, 506, 509 
— see also Life-history ami Larva 
Dutchadtt, 366 

Diaphragm, of AWcis introvert, 250, 251 ; 
of T*rc»*!lidae, 304, 327 ; of Polyzoa, 
469, 470, 500, 508 
buisrhiza, 225, 226 
JJiastojHtra, 518 , 531 
bichynuter, 362, 383 
bid it 1 option*, 73 
bio4yt tin, 32, 35, 36, .{3 
JJicru notaenia, 01 ; b. corona l a , life- 
history, 84 

bicyrma, 93 : vermiform larva of, 92 ; 
hosts of, 94 

bicysninnittty 93, 93 ; hosts of, 91 
Dicyemidae, 92 f. 

U id ynwy aster, 383 

I)idyuwz**ni,73\ D.thynni ( = Monoslomum 
bi/Ktrtilum), 71 
Didyniozooutidau, 73 
JJujuster, 358, 359, 382 f. 

Digenea (Digeiietie Trcnuitodes), 5, 52, 62, 
73 ; occurrence and habits. 62 ; life- 
histories, 63 f., 71 f. 

Digestive system, of fsptn/ilana, 11 , 12; 
of Poly 1 1 ails 24 ; of Triclads 37, 39 ; 
of RlmMoeoeUdit, 42 f. ; of Trmnoerpluda, 
53, 54 ; of / Wy >£«*//< i ////, 57 ; of bi.\h>- 
mum* 62 : absence of, in i.Vstndes, 74 : 
of NeiJicrtinea, 103, 103, 104 ; of Nema- 
t«>da, 130; of Gordiidac, 166, 169 ; of 
Cliaetoguatha, 187; of Hot iters, etc., 209, 
23:;. 237 ; of Archiaunelida. 243 ; of 
Pol ych acta, 249, 269 ; of Oligochaetn, 
•J«*»8 ; of Hirudinea, 396 ; of Clepliyrea, 
414 : of rtwrunis, 454 ; of Polyzoa. 
468. 469. 487 
hiyitihn* uch us, 353 
biijbuu, 212. 217, 224, 226 
Digoimponi. 16 

Diiuorphis,,,. j,, p.J^Omuw,. 59 : M-xnal, 
ot rruiuitodes, / 0 ; of Ortho ucctidn, 95 ; 


of Dinnphifus, 243 ; of Polych.aetn, 276, 
279 f.; of Gephyrea, 438 
Dinoclmrididae, 225 
JHnochari.% 215 

binophilns, 242 : 7 K tac Hiatus, 242 ; 1). 

yyrocUiatus, sexual dimorphism, 243 
bimps, 223 
Jjiojxitni, gill, 318 
Diphyllinae. 01 
Ilifda.r, 225 
biplc^ta n u ut, 73 
l)i pi i ln>th ri n iii , ?.» 
bijif • *ca rtf 1 1 * , 885 

bijiltnlis .a'.v, 73; h. (.1 >iiphU(ointtiii) sub - 
clacattnn. life- history, 71 
biphyasOr, 15} 
hi) thus, 225 
bi/ifostiuni'iii, 78 

bipUtZAHut, 55, 60. 73 ; life-history, 60, 61 ; 

reproductive organs, 60 
I>ijx>n>chaeta, 38 1 

bipft'pu, 60, 61 

hipiu'irla, 528 

bipylidittm, 81, 91 ; life-history, 83, 68, 
89 ; .specific clmmcters 90 
Disc, in Rotifers, 200, 202 f., 202 
Discharge, of genital cells ; Nemertinea. 
116; Archiannelida, 244; Polvcbaeta, 
256. 274, 275 
Discobildlti, 226 
biscocdis, 19, 23 
Discodnlidoe, 350, 370, 392, 395 
biscopns, 201, 222, 22G, 227 
bispharoyus, 147, 149, 163 
bispinlhera, 225 
DUtanma, 212, 224 , 226 
Distomatidae, 73 

bistoiniiM atlvtna ( = D. miyrans), life- 
history, 71 ; />. append ic id at um, life- 
history, 71 ; IK ( iscului , life-history, 71 ; 
D.atrivnarr, life- history, 71 ; b. buichy- 
*»hhm. life-history, 71 ; JK busAii, 63 ; 
Ik ntrif<iiinn, life-history, 71 ; b. rlari - 
•j<nt,n, life-history, 72 { b. conjunct nut, 
63 ; Ik cntssuni, 63 ; b. :yynoules, life* 
history, 72 : Ik cylindraceum , 72 ; lK 
dimorjdtinu, 72 ; Jk echiaatnui, 63 ; life- 
history, 72; JK rdtiuri, 444 ; Ik endo- 
ldni„i, life-history, 72 ; JK cxcutattnn, 
63 ; b . fern..', 63 ; Ik t/lobifnirmu, life- 
history, 72; b. /tin its, 63 ; />. lapaticmn 
(liver- lluke), 3, 63, 67 I., 72 ; iKhdeto- 
pfiye.%, 63; Jk hipdn\v, life-history, 72; 
JK ju}»>nicttm ( =JK sj* dhnlatum), 63; 
/>. laaceo/atinn, 63 ; />. lutcum, excre- 
tory system of, 62; />. macrastotnum, 
life-history, 64, 65, 72 ; IK mayntnn, 68 ; 
Z>. military, life-history, 72 ; IK indu- 
losiiin, life-history, 72 ; JK ocnli-humani 
( = JK ophth<dntobium\ 63 ; D.ovtKmula- 
bun, life-history, 72 ; D. pulmonale, 63, 
70 ; D. rathouisi, 63, 70 ; 2>. retusuui , 
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life-history, 72; D. ringeri ( = /). pul- 
monale ), 63 ; / ). signalling life-history, 
72 ; D. sine nst, 70 ; 1 ). spathulalum , 
63; IK squamula, life-history, 72 ; JJ. 
trigonocepJud urn, life -history, 72 ; 1j. 
ices ter man a i ( =/>. pulmonale), 63 
Distyla, 225 
JJithyridium , 97 
Ditrupa , 301 
Diurella, 225, 226 

Jjoehmius , 133, 135, 7^2, 160, 163 ; Z>. 
cemiui , 143 ; />. duodenal is, 143, 163 ; 
Z). stenocephala, 143 ; Z>. trigonocep/uila, 
143 

Doilccaccria , 237, .226', 327 
Dog, parasites of, 80 f., 90, 125, 140, 142, 
143, 145 

l)ot ichoplana, 37, 2+2 

Domestic animals. Trematodes of, 67, 68, 
70, 72 ; Cestodes of. 81, 89 ; Nema- 
todes of, 139 f., 163 ; Acanthocephala 
of, 184 

Domopura, 531, 532 
Dorsal ciliated organ, 247, 254, 256 
Dorsal pores, 348 
Dorylaimus , 131, 757, 160 
Dcacunculus, 131, 135, 147 
JhvpanidoUicnia, 01 ; D. anatina, life- 
history, 84, 85 ; Z>. gracilis , />. infun- 
d dad form is, D. set ig era, life -history, S4 
J)rep<t nophorns, excretory system, 108 ; 

British species, 110 
Drilophagitlae, 224 

hrilnplwgus , 204, 210, 212, 227 

Duges, on Plauarians 6, 10 ; on Oligo- 
chaeta, 368 

Dnjardin, on Rotifers, 198 ; on Gastro- 
triclia, 231 ; on Kinorhyncha, 236 
Duplicatnre, 499, 500 
Duthiersia, 01 

Dwarf males, of Myzostoma , 344 ; of 
Gephyrea, 438 

Eau-cockle, 155 

Earthworms, 347, 365 ; senses, 354 ; food, 
359 ; effect on the soil, 368 ; distribu- 
tion, 369 f.; classification, 380 f.; British, 
390 — see also Oligochacta 
Ebrard, on Hirudinea, 393 
Kcheneibothrium , 01 
Echintlla, 73 
Echinobothrium, 91 
Echinococcus, 80, 83 
Echinocotyle , 01 
Echinoderts, 236 f., 236 
Echinorhynchidae, 182 
Ech i n or hy rich us acus, 175, 179 ; E. angtts- 
tutus, 174, 183; E. davttla t 183; A. 
hueruca, 176; E. linstowi. 1S3; A. 
lutzii, 183; E. moniliformis , 1S3 ; A. 
p coleus , 174, 180, 181, 182, 182 
Ec/i inosiphon, 424, 429 


Echiuroidea, 241 n., 412 , 434, 446 ; an- 
atomy, 434 f . ; classification, 440 ; de- 
velopment, 439 ; parasites, 444 ; habits, 

442 

Echiurus, 336, 411, 435, 440, 441 ; de- 
velopment, 439 
Eckstein, on Rotifers, 198 
Eclipidrilus, 380 

Economic uses, of Polychaeta, 29G, 297 
Ectocyst, 469, 470, 523; of Phylacto- 
laemata, 496 f., 503 
Ectoderm, of Mesozoa, 93, 95 
Ectojxarasitic Trematodes, 4, 52, 53 
Ectoprocta, 475, 518 ; structure, 469 ; 
lophophore, 476 ; reproduction, 506 f. ; 
larva, 509, 510, 511 ; compared with 
Eutoprocta, 488 

Effects of parasites ou their hosts 56, 68, 
69, 80, 94, 162 

Eggs of Ijcptoplana, 10, 16 ; of Polyclads, 
28 ; of Triclads 33, 40 ; of Rhabdo- 
coels 47, 48 ; of Termntodes, 52 ; of 
ectoparasitic Trematodes, 54, 58, 60, 61; 
of eudoparasitic Trematodes, 63, 69 ; of 
Cestodes 87 , of Orthonectidae, 95 ; of 
Nemertiuco, 116 ; of Nemntoda, 135, 
162 ; of Gordius, 171 ; of Acantho- 
cephala, 179 ; of Chaetognatha, 1S9 : 
of Rotifera, 200, 216 f. ; of Gastro- 
tricha, 234 ; of Xtreis, 256 ; of Poly- 
choeta, 274, 275 ; of Phyllo<locids, 314 ; 
of Sodojdos, 321 ; of Myzostoma , 343 ; 
of Polyzoa, 506, 507 

Ehrenbcrg, on Turbellaria, 3, 6 ; on Roti- 
fers, 198, 220 n., 228 ; on Gastrotricha, 
231 ; on Polyzoa (Bryozoa), 476 
Eichhom, on Rotifers 197 
Eisen, on Oligochaeta, 380, 390 
Eisig, ou CaDitellidae, 373 ; on Bondlia, 

443 

Elcctra , 481, 518, 523, 530 ; larva, 509, 
510 ; variation, 516 

Elytra, of Polyuoids 265, 292, 294, 298, 
299, 309, 310, 311 ; phosphorescent, 
295, 296 ; as brood - pouch, 27 o ; ot 
Aphroditidae, 266 ; arrangement of, 309 ; 
of Sigaliouina, 313 
EnaiUia, 16 u., 19 
Enautiidae, 19 
Enchdidium, 157 

Enchytracidae, 359, 360, 361, 366, 367, 
370, 375 

Enchytracus, host of Gordius , 173 
Encotylabc, 73 ; eggs of A*, paged i, 58 
Endocyst, 471 

Eudodcrm, of Mesozoa, 93, 95 

Eudoparasitic Trematodes, 4, 52, 62 

Euopla, 109 

hnoplidoe, 157 

Enuplus, 157, 160 

EnUdoptumi, 5/8, 532 

Eideroptoed , 224 
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Entcrostoma, 16 ; British species, 50 
Eufopfoctnr^J, 479, 4*7 f., JA? ; lopho- 
phore, 476 ; reproduction, 506 ; larva* 
509, 510 

Eosphom, 216, 21 S, 224 
Ephemera, host of Gordius, 172, 173 
Ephesui, 32 l 
EpibdrUa, 55, 73 

Epidermis, of Lep/^jdana, 11, 12 ; of Poiy- 
clads, 20, 25, 29 ; of Trematodes, 56 ; 
of Cestodes, 85 ; of Nemertiuea, 102 ; of 
Neinatoda, 125 ; of Acaiithocephala, 
175 ; of Fereis, 249 ; of Oligochacta, 
349 ; of Leeches, 896 ; of Gcphyrea, 
414 ; of rhoronis, 454 — see also Hypo- 
^ dermis 

Epigamous, phase, of Xereis, 277 n. ; worms 
281 


Epistome, in Pharoni *, 453, 455 ; in Phy. 
laetolneniata, 476, 476, 499 ; in larva of 
Laxosoma , 509 
Epithetosoma , 444, 445 , 449 
Epithetosomatoidea, 412 % 444 
Epitokous pha.se, of Xerets, 277 i>. 
Erelmia , 223, 226 
Eriographidae, 258, 33S 
Erifocotyle, 73 
Errantia, 258, 285 
Eschara, 516 
Escharina, 518 
Escha routes, 527 
Euchlanididae, 225 
Kucldanis, 225, 226 
EneruUa, 51S , 525, 527, 528 
Eiulrilidne, 359, 360, 380, 386, 403 f. 
Eudrilus, 354, 385, 403 f. 

Euiehthydinn, 235 

K"lnlia r iridu, 31 4 ; pigment, 292 ; colour, 
293 ; eggs, 314 u, 

E amenta, 334 

318, 310 ; nephridiuro, 254 ; eye, 
• h , cm, » 263 1 ]*ara podium, 264 ; gill. 
265 ; clinetne, 266, 267 ; jaws, 270 ; sub- 
* , nc * °f tube, 290 ; commensal, 29S • 
K. tibiana, 290 

Euniddae, 258, 318 ; palps, 260 ; tentacles 

on? : £2* 2,0 ' “*>*• * 28S - 290 : colour, 
291 \ 292 ; parasitic, 297 ; tube* oon- 

tai .mg Polynoids, 298 ; Palaeozoic, 302 
EuntciUa, 301, 302 

Euphrwynx, 318 ; parnpodium, 265; 

cbactae, 267 
Eupolia, 113 
Eupolyzoa, 461 

aht>H ° f ’ iuhabited ^ Rotifcn, 

EnryUpUl, 10 
Enryleptidao, 19 
Eurylhoc, 318 

J ElZ»ul‘ J ' jl,i * y T S> 143 ’ K ‘ 142 

E'i*yU,g, reproduction of, 278 

txcrution, as cause of colour, 291 


! Excretory system, of Leptophiua, 13 ; of 
j Polvclnds, 25 ; of Tricl.-uU. 41 ; absent 
in Acoela, 42 ; of Trintumphala, 54 ; oi 
Digenea, 62 ; of Cestodes, 86 ; of Nt- 
mertinea, 108, 108, 120 ; of Nematodes, 
133 ; of Acauthocephala, 177 ; of Roti- 
fers. 199, 213 ; of Gastrotriclia, 234 ; of 
Kinorhyucha, 23/ ; of Polyclmeta, 253 ; 
of Polyzoa, 472 f. — seeal.-o Nejiliridiniii 
Exoyone, 80 S ; attachment of eggs, 275 ; 
reproduction, 278 

Eyes, of Leptop/ana , 8, 15 ; of Polyclads, 
26, 27 ; development of. 3u ; of larval 
Polystomatidae, 69, 60 ; of Nemertiuea, 
\ 102, 106 ; of Nematodes, 128 ; of Hording, 
166 ; of Chaetognatha, 188 ; of Rotifem, 
215 ; of Gastrotriclia, 234 ; of Kino- 
rhynclia, 238 ; of Polyclmeto, 256, 272. 
314, 337, 339 ; of Oligochaeta, 354 ; o!' 
Leeclie-s 393. 394:. 395 ; of Gepliyrva, 
417 ; of Polyzoou larva, 609 


Fabricia, 839 ; eyes, 272 ; otocyst, 273 
Faecal groove, of Snliellids, 337 
Fans, of Chaeloptfruf, 295, 324 
Faraday, on asexual reproduction of Plmi- 
ariac, 6, 40 u. 

Farre, 011 Polyzoa, 500, 508 
Fnrrcllu, 500, 618, 533 
Faiciotu, 67 

FMtmpia, lire-history, 45 
Felt, of Aphrotlilt, 268, 312 
Fertilisation, of Nemertiuea, 117 ; of Ne- 
matodes, 135; of Gordiidao, 171; of 

^ nth ^ phlUa ’ 179 : of Chaetognatbn, 
188 ; of Rotifers, 217 

1 ilar ta t 147 \ 168 ; h\ altenxuita, 134 ; F. 
cystica, 142 ; F m dent icu lata, 125 ; F 
taunt l is, 148 ; F labia (a, 163 ; F. iati - 
; F. loa , 149 ; F. tnedi- 
157, 163; F sanguinis 
163 


F. papillose, 168 


caudate, 125 
nens is, 147, 
ho minis, 149, 

Filariidae* 147 

Fdigmua, 34 O ; fission iu, 281 ; tubes, 290 
bnnbrxa tennis, 157 

Fischer, on braucliine in Gepliyrea, 416 n. 

• Tremato/les or, 4, 53, 55. 62, 64, 

♦i 1 ’/ 2 - ; ,P Sto<les ofl 77 > «5 : Nenm- 

182 mmUMSS ^ 142> Ua ’ 149, 1<S3 ' 173 ‘ 


h fl° a ’. t* B*pah**b 34; in Planarlae, 
on 1 " l £’itk.pl itx , 96; in &dinelta, 

282 340, m Oligocliaeta, 374 , 375. 377 ; 

m % 496 ; iu embryos, 
<165, fill 


Fissitrrlta, ns liost, 298 
FluUlliqcm, 334 

Flame-cells, iu laptop! ana, 13 ; iu Thu- 
25 ; in Tric-lods, 41 ; in 7V»u- 
m*vpJ„d„ SI; iu Polystomatidae and 
lYibtomaUdae, 50 ; ia Pistomum lutcum. 


544 


INDEX 


62 ; in Cestodes, 86 ; in Nemertinea, 
108, 109 ; in Rotifers, 213 ; in Urna- 
tella , 491 

Fletcherodril vs, 382 

Floscularia , 200, 203, 205, 220, 221 , 226 
Flosculariaceae, 202, 211, 213, 220 
Flosculariidae, 201, 203, 205, 220 n., 55/, 
230 

Flukes, 51 

Flnstra , 465, 466, 467, 472, 473, 477, 515, 
5 IS, 526 ; avicularia, 482 
Flustre/la, 467, 477, 5/£, 532 ; larva, 513 
Flustrina, 5 IS 

Food, of Turbellaria, 4 ; of Lrptoplana , 
10 ; of Folv clads, 24 ; ol' Trie-lads, 37 ; 
of Acoela, 43 f. ; of Rhabdocoela, 45 ; 
of Trematodes, 4, 52, 62 ; of TnnnOiX- 
pha/a, 53 ; of Cestodn, 5 ; of Nemer- 
tinea, 115 ; of Nematodes, 131 ; of 
Acantliocepliala, 177 ; of Chaetoguatha, 
190 ; of Rotifera, 207, 212 ; of Gastro- 
triclia, 234 ; of Polychaeta, 296 ; of 
Earthworms, 359 ; of Leeches, 393, 
406 f. ; of Gephyrea, 422, 443 ; of 
Poly zoa, 467 

Foot, in Rotifers, 200, 201 

Foraminifero. as food of Polychaeta, 296 

Forceps, of Mu nice, 270 

Forcipate, 210, 211 

Formula, for Nenmtoda, 138 

Fornix, 481, 617, 525 

Fossil, Polychaeta, 301 ; Polyzoa, 620 ; 

Nemertinea, absence of, 119 
Fi'cilericclla, 476, 494, 502-505, 518 , 619 ; 

lophophore, 495 ; statoblast, 502, 503 
Frenzel, on Trematoda, 62 ; on Salinella , 
96 

Fresh -water, Turbellaria, compared with 
marine, 46 ; Nemertinea, 101, 118 ; 
Polychaeta, 284 ; Polyzoa, 492 
Friend, on Oligochaetn, 388 n. 

Frogs, Trematodes of, 55, 58, 62, 71 f. ; 

Nematodes of, 140, 142, 160, 173 
Frontal organ, of Nemertinea, 107 
Frontal palps, of Euiiicidae, 318 f. 

Frontal ridge, 260 

Frullunia , inhabited by Rotifers, 227 
Fulcrum, in Rotifers, 210 
Funicular tissue, 471 
Funiculus, 469. 471, 472, 499, 501 
Furcularia , 216, 224, 226 

Gamble, on Platyhelminthus, 3 f. ; on 
Meso/.oa, 92 f. 

(Jummarus, Rotifers attached to, ~-7 
Ga|>cs, cause of, 144 

Gardiner, on development of Acoela, 44 u. 

Gftsterostonmtidae, 73 ..... ... 

(laxt.-rosUmunn, 73; O. fimhrudum, life- 
history, 72; G. yracilcscens, s 2 
(Ja.ilrofntf/le, 73 
(j'aslrutlL'icus, 73 


Gastrothylas, 73 

Gastrotricha, 231 f. 

Gegeubaur, on Nemertine development, 
99 

GemeUaria , 51S, 526 

Gemmation, 281 ; in Syllidae, 278 f., 279, 
280 

Getthia, 37 
GaxUsm us, 34, 4- 

Geographical distribution, of Turbellaria, 
32 f. ; of Nemertinea, 117 ; of Cliaeto- 
gnatha, 191, 534 ; of Gastrotricha, 235 ; 
of Polychaeta, 299 f. ; of Oligoehaeta, 
369 f. ; of Leeches 405 ; of Gephyrea, 
426 f., 432, 441 f . ; of Phoronis , 460 ; 
of Polyzoa, 492 f., 504, 519 
Geonnncrles, 101 ; description of G. chali - 
o/phora, 117 
Gcoplana, 33, 38, 42 
Geoplanidae, 35, 4 8 
Geoscolicidae, 351, 362, 386 
Gephyrea, 411 f. ; history, 411 ; external 
characters, 412, 420 f., 430 f., 434 f., 
444 ; body-wall, 414, 436 ; digestive 
system, 414, 422, 430, 436, 445 ; vas- 
cular system, 415, 421, 436 ; respira- 
tory system, 416; body-cavity, 416, 
407, 445 ; nervous system, 416, 431, 
437, 445 ; excretory system, 417, 423, 
431, 437, 445 ; reproductive system, 
418, 431, 437. 445 ; development, 419, 
439 ; food, 422, 443 ; commensalism, 
429 ; affinities, 241 b., 336, 445 f., 
512 ; British, 449 
Germarium, of Rotifers, 216 
Germ-yolk-gland, 47 
Gianl, on Oligoehaeta, 368 
Gid, induced by Coenurus , 82 
Gigantorhynchidae, 183 ^ 

G i{J(i nUtrhynch us yigns, 174, 177, /o-/ ; 
G. echiniHliscus, G . sj)irit , G. taemoules , 
1S4 

Gills, of Polychaeta, 252, 265, 268 f. ; ol 
Arenicola, 333 ; of Chlorhaemidae, 334 ; 
of Cirnitulus, 326 ; of Euphrosyne, 265, 
318 ; of Eunicidac, 318 ; of Fere is, 246 ; 
of Sahel li form ia, 260, 261 ; development 
of, 275 ; of Sahella, 286 ; colour of, 294 ; 
of Sahel /aria, 263 ; of Serpnlidae, 261 ; 
of Sternaspis, 336 ; of Sigalioniua, 313 ; 
of Terelndlidae, 329 ; of Oligoehaeta, 
352, 353 ; of Leeches, 395 ; of Gephyrea, 
416 

Gizzard, in liotifers, 199, 210; in Poly- 
chucta, 271, 307 ; in Oligoehaeta, 358 ; 
in Polyzoa, 477, 480, 532 f. 

Glands, on parapodio, 249 ; of Phyllodocids, 
314 ; oesophageal, 271, 272, 3f>8 ; tul>e- 
funning. 2S7, 304, 327 
Gland shields 287. 304, 300 ; of babellids, 
337 ; Of Terebellids, 327 
Glandular papillae, of 1‘olygmtUus, 244 


INDEX 


545 


Ult>s siphon ia ( = Clepsine), *393, 396, 399, 
404, 40 7 ; anatomy, 397, 398, 401 ; 
.spennatophore, 402 
GIosHiphoiiiidae, 400 

Glyccru^ cirrus, 205 ; habitat, 286 ; jaws, 
270 ; nephridimn, 254 ; parapodiinn, 
264 ; prostoiniiun, 259 ; tentacles, 262 : 
G.aipilaUt' distribution, 299 ; G.itieckclii, 

320 

Glyceridae, 258, 320 ; gills, 26S ; coelom ic 
corpuscles 253 
(Jlyphidril us, 3 SO 
Gnathobdellae, 396 f. , 407 
Goathobdellidae, 407 
Qiuilhovyllis, colour of, 293 
Gobio , parasites of, 182, 183 
GolJintjia, 420 1 428, 430 
Goniada, 320 

Goodrich, on Oligochaeta, 378 
Gordiidae, 123, 164 f. 

GftrdiodrUns, 383 f. 

Gortlixts, 164 f., 164 ; G. Mttsanus, 165 f., 
170 

Gosse, on Rotifers, 198, 209 n. ? 220 
Gossta, 232, 235 
Goujon, ou Trichina , 146 
Gourrct, on Chaetognatha, 187 
Grafr, vou, on Rhabdococlida, 44 ; on 
Getra* merles, 101, 117 
GraffiUa, 50 ; occurrence, 45 
Grassi, ou Ccstcda, 80 u., 89 : on Chaeto- 
gnatha, 190, 193 
Grater, of Eunicidae, 270 
Greef, on Echiuroidea, 441, 444 
Gregarines, in Polychaeta, 299 ; in 
Gcphyrea, 444 

Gregory, on Polyzoa, 519, 520 
Grinder, of Eunicidae, 270 
Grul>o, ou Oligochaeta, 347, 352 ; on 
Hirudiuea, 395 

Grubett, 308 ; attachment of eggs, 275 
Guauin, in coclomic corpuscles 253 
Guinea- worm, 147 
Gnnda, 31, 41, 4% 

Gundulae, 42 

Gymnolnc.nnta, 47t>\ 612, SIS; lopho- 
pnore, 476 ; in fresh water, 492 
Gy raiit r hcruuiph r* stilus, 40 
GyroculyU ( — Aniphiptychcs), 01; G 
ruyosa, 77 ; G. arna, 77 
Gyrodoctylidae, 53, 61, 73 
Gyrodactylinne, 73 
Gyrodaclylus, 55, 61, 73 


Hadbrlandt, on Convoiuta^ 43 
Habits, of Platyhelmiutlies 3, 7, S 

17A r° f Ne,nerlillca > 114; of Gon 
I/O f. ; of Chaetognatha, 189 ; of 

£”» 226 ; of tt «**trotrichu 

-34, 235 ; of Polycbaeta, 285 2 of 

4 JO^ : of 426, 

442 ; of Phoronisj 451 

VOL. II 


* Ifnema/iipsit, 4 O 8 ; eye, 394 
HaeuiaJ fluid, 252 
]{ acvuitoclcpleSs parasitic, 297 
llaemcnterio, 4 n 7 

Hacmery thriu, 416; in Mtvyelonn, 252 
Haemoglobin, in Neinertiiiea. 107, 108 ; 
in Chaetopodo, 252, 253, 291, 356; iu 
Gepbyrea, 437 ; in Phurunis, 156 
Httertopis, 393, 407 
Halicryptus , 432 , 433 ; anatomy, 430 
Hallez, on Turbellaria, 7, 21, 40 
l/tdosydrui, 298 

Hamami, on Neniatoda, 131, 133, 130 11. : 

on Acanthocephala, 176, ISO 
I/aminyia , 435 f., 442; males of, 438 
// aplobra nch u s 339 ; gills, 261 
1/upltxliscus, 43, 49 
Haplodrili, 241 
Hares parasites of, 141, 145 
Harker, on Oligochaeta, 369 
Hornier, on Polyzoa, 465 f. 

Harris on Rotifem, 197 
Hartog, ou Rotifera, 197 f. ; on Ga>tro- 
tvicho, 281 f. ; ou Kinorhyncha, 236 f. 
Has well, on Tenmocephalidac, 53 : 011 
Phonmis, 451 

Hatschek, on afliiiitics of Polyclads, 2S n. ; 
on nature of Cestodcs 76 ; on Trocho- 
phore, 229 ; ou development of Gcphv- 
rea, 419, 447 

Head, of AWeis, 246, 248 ; of Polvdmeta, 
259 f. ; regeneration of, 283 ; of Tonnp. 
UrU, 315 ; of Aphrotli/e , 260 ; of 
Chlorhaeinidne, 334 ; of Punier, 262 ; 
of A'ep/Uhys, 262 ; of PhyUodt, cv, 262 ; 
of Poly dor a, 261 ; of Polynoid, 262 ; 
of Sabdla, 261 ; of Sabd/aria, 263 ; of 
Syllid, 262 ; of Tnphonut, 262 
Ifctfruris, 163 
ffekatrrobranchiut , 330 
11 tliodril i/s 359, 3S0 
lldiopora , containing Polydom, 298 
Heller, on human parasites 139 
Hcmichordata, 462 
liemilcpiduL, colour of, 292 
Hcmistomunu, 73 
Jlemi(ub\fcx % 378 
1 laden , 369 
Uennadion , 299 

Hermaphrodite, Neniertinea. 109 ; Polv- 
chaeta, 273 f. * 

Heriuellidac, 258, 3fl 
Honnulliformia, 258,306, 341 
Hermit me, 312 ; chactae, 266, 267 
Hennionina, 309, 311 
Herpobdellidae, 407 
Hcrtwig, O., on Chaetogimtha, 187 u. 
Hcsiouidue, 258, 308 ; segments, 258; head, 
263 ; swiiu-bladder, 272 ; genital organs 
274 ; parasitic, 297 
Jlcspcroilrilus, 352 f.. 369, 378 f. 

Hesse, ou nervous system of Nematoda, 127 

2 N 
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fteterakls , 131, 139 
Heterocotylea, 73 
Hetermlera, 155 % 160, 164 
Heterogamy, 66 u. 

Heteronemertiui, US 
Heteronereid phase, 276 f. ; chaelae, 246, 
276 ; parapodia, 276, 277 
Heteroner-is, 276, 281 — see Heteronereid 
/lettrojjora , 520 u. 

HeterosyllLs 278, 279, 281 
HexacotyU , 7J 
ltcxarthra, 223, 226 
Hibernaculum, 501, 602 
Hincks, on Polyzoa, 475, 500, 508, 516, 
519, 523 
flippothot t, 528 
// i/jyjif ra ria, 533 

Hirudiuea, ityi, 392 f. ; external charac- 
ters, 392 ; British species, 393 ; eyes, 

395 : branchiae, 395 ; alimentary canal, 

396 ; vascular system, 396 ; body-cavity, 

397 ; nephridia, 399 ; reproductive 
organs, 401 ; cocoons, 404 ; classifica- 
tion, 405 

Hirudiniculture, 393 

Hintdo, 393, 396 f., 399, 403, 405 f IfiV ; 

nephridium, 400 
Ilis/opia , 492 
JHstiixlervui^ 302 
Uixtriobdclla y 242 n. 

//istriodrilus, 242 n. 

Holloway, ou Rotifers, 227 
Holoniyarii, 137 
Holostomatidae, 63, 64, 73 
Huloslomum, 73; 11. excovalum, 63 
Holothurian, as host, 298 
llnmjtlixjaster, 73 
Hood, of Sabtllaria , 263, 306 
Hooks, of Trematodes, 53, 56, 67 ; of 
Cestodes, 76, 85 ; of Cestode - larvae, 
87, 88 ; taxonomic value in Cestodes, 
90 f. V 

Hoplonemertea, 705, 109, 110; auditory 
organs, 106, 110; British species, 110; 
characters, 110 ; development, 113 ; 
proboscis, 110 
Httniera , 513 , 532 

Horse, parasites of, 68, 83, 90, 125, 140, 
142, 163 

Horsje- leeches, 393 f. 

Horst, on Oligochaeta, 354 
Htibiecht on Nemertinea, affinities, 120 ; 
classific ation, 109 ; excretory system, 
108 ; nervous system, 105 
Hudson, on Rotifcra, 197, 198, 215 n., 
220 n., 223 n., 228 
It wlsiniellfii 224 

Huxley, on Rotifers, 198, 229; on Poly- 
cliaeta, 216; on Molluscoidea, 475 
J/ity/n/ff, 525, 527 

l/t/it/iiutecui, 299, 318, 319 ; tentacles, 
262 ; composition of tul *c of, 290 


Itydatina, 199, 200, 202, 204, 213, 334 
226, 228 

Hydatinidae, 324 

Itytnenotepi*, 91 ; generic characters, 91 
It. diminuta ( = Taenia flump nu data) 
life-history, 83 ; specific characters, 91 
It. murina ( = Taenia murina), 70 
life- hi story, 83, 89, 91 ; It. natut , 80 
life - history, 83 ; specific characters 
91 

Hyocrinus, as hast, 342 
HyperiodrUus, 363 f.; reproductive organs, 
363 

Hypodermic impregnation, 27, 218 
Hypodermis ( = Epidermis) of Gordixus, 
165 ; of Rotifera, etc., 205, 232 
Hypophordl a, 478, 518, 533 ; larva, 510 
II yporhynch us, 49 
Uystrichis, 147, 149, 163 


ICHTllVDIUM , 235 
Ichthyobdellidae, 400 
Ichthyonema, 131, 2^7, 149, 163 
Ichlhyotaenia, 91 
Ichthyotaeninae, 85, 91 
Idmonea, 518 , 532 
Iguana, parasites of, 142 
Iijiina, on yolk-glands, 38 u. 

Illoricata, 223 

llyodrilus, 378 ; chaeta, 360 
IlyogentOy 388 
Imoyine , 19 
Inarticulata, 577, 518 
Incudate, 210, 211 
Incus, in Rotifers, 210 
Iuemiia, 445 
Infusoriform embryos, 93 
Insects, parasites of, 142, 150, 152, lo3, 
154, 160, 168, 179. 183, 184, 185 
Internal sac, 609, 611 
Interuode, 525 
Interproglottidal glands, 90 
lutertentacular orgau, 469, 473, 50S 
Introvert, in Polychaeta, 249, 260 ; in 
Gephyrea, 412, 424 

Investing membrane, m cctoparasitic irc- 
matodes, 57 ; in Cestodes, 85 
Ioda, form of head, 278 
Isacis, 163 


mbies, on skiu of Nematoda, 126 
« of A'ereis, 248, 250, 270 ; of Poly- 
chaeta, 269 f. ; of Eunic idae, 270 : of 
Polynoid, 270; of Autotylus* 270; 
fossil, 302 ; of Glycera, 270 
lly. Miss, ou Polyzoa, 523 
)usenia % 50 

nenez, on Leeches, 40/ 

blot, on Rotifers, 197 

hn.stou, on Hirudin**, 393 

I jet, ou development of Rotifers, -Jo , » 

Polyzoa, 508 
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Jungermanniacene, inhabited bv Rotifers, 
22 ? 

Jurassic, Serpulids, 301 ; Poly zoo, 520 f. 

Kaiser, on Acauthocephala, 177 
Kamptodenn, 469, 470 
Kefei>Oeiu f on Polycladida, 7, 10 
Kennel, von, on Ncmertinea, 10S ; on 
MahtaMtUu, 101 n., 119 
Kcrriu, 384 
Kinorhyncha, 236 f. 

Kloinenberg, on Trochophore, 2*29 
Kuellikeria, 73 

Kulliker, on Uistomum okmii, 71 
Korun ami DanicdsAen.onGepliyren* 442,443 
Kowalev.sk y 9 on Hirudiuea, 397 ; on 
Phuron t\ 458 

Kroepolin, on Polyzoa, 493, 502 
Krause, on parasites, 163 
Kroliu, on Keuiertiue development, 99 
AWiiiiTi, ISO; species, 192, 194 ; Ameri- 
can species, 534 

Knikenbergt on haemerythrin, 416 
Kynott(8 % 380 


L.\HRonosTR.\TU8 t 297 
iMcinuitria, 200, 213, 215, 231, 226 
Lacri/maria, 235 
/><#•/ won ice, 312 
Ijtyt'ui/Mtrtt, 528 
Lamarck, on Gepliyrea, 411 
Limi.!, Planariaiis, 4, 30, 33, 34, 36 ; Newer- 
tiues, 101, 117; Oligochaeta, 347 f. ; 
Leeches, 408 

Lang, on Polyclads, 7, 17, 21 f, 27, 28 n. ; 

on nature of Cestodes, 76 
1m met *, 328 ; HypophureUa in tubes of 
178, 533 

LankesU-r, on Trocl.ORphere, 229 ; on 
Earthworms, 347 ; on Hirudiuea, 397 ; 
on Oephyrca, 430, 437, 439 ; ou Podax- 
onia, 461 

Larva, Muller's, 29 ; of Polyslmnum, 69 ; 
01 t*ipf»xonn, 60 ; of Gyixtiaetylus, 61 ; 
ol Holavtomatiilrtf, 63. 64 ; of DisUnnum 
61, 66, 67 ; hosts of larvae of digenetic 
Treu. .teles 71 f. ; of CuUiobo/hrium, 
77 ; of Cestodes, 79 f. ; table of Ce.sto.le 
a. v,u. 83, 83, 37 ; of Schiatucejihalus, 
84 ; of /•"//. nmirphal us, 87 ; of Dinyli- 
(Cysticereoid). 83, 88 f. ; of 
Slesoz..:., 92, 93 ; of Nemertinea, 113 ; 
Trocliosphare, 229, 274, 439, 510 ; or 

2,5 : of 1’olyohaet.a, 274; 
2 7 5 ’ o f . f 325 ; of Mu:,* 

344 ; <.f Cephyrea, 419, 139 ; or 

511.' 520 J ° f l ' 0,J ' 70a ' 46U - 609 . 

LaU-ral .ngan,, of CapileUi.lae, 313-sco 
also Ciliated pits 

Unrer^ Canal (= Lanm-S.leda canal). 


Lottna, 300, 327 n. 

Leeauipcephtdus, 131, 133 
Leckenhy, on Peiapulus, 433 
Leeches, 2/, 7, 392 f.— see also Hirudiuea 
Leeuxyeulioek, on Rotifera, 197 
Legrain. on Nematodes »u deserts, 156 
Legros on Trichina* 146 
Lehuert, on Jlipaiinm, 36, 37 
Leidy, on Rotifers, 198 
Lcimacopsis, 37, j ? 

Leinnisci, 176 

as host, 29S 

L*/>it last hen in* 293, 311 
Lepidoflcrma * 233 

Lcpitltmoius (submenus of I'ohjnoe), eve, 
255 

Lejmdfo i, 516, SIS, 528, 530, 531 n. ; L . 

foliucca, 478, 527 ; larva, 611 
Lcprta , 32S 

Lcptodcra , 129, 131, 133, 160 
Upto^ana, 7, 8, 9, 11 , 14, 17 ; British 
species, 10 ; habits, 8 f. ; aimtouiv, 11 f. 
Leptoplunidae, 19 
Leptostoma y 396 
Lesson, on Polyclads, 24 
Lcuciscus, parasites of, 173, 182 
Leuckart, on Platyhelminthes, 6, 64 f., 70, 
76 ; on Nemertinea, 99 ; on Nemntoda, 
136, 139, 140, 142, 146, 163 ; ou Him- 
dinea, 395 

Lcueochlorulium , 65, 66 
Leucocytes, of Polychaeta, 252 
Lfucodure — sec Poiydorn 
Leydig, ou Rotifera, 198 
Lias, Serpulids in, 301 
libyodrilus, 364, 385, 386 
Lichcnopora, 518, 531 
Life-history, of Treraatodes, 4 ; of Poly- 
stomatidae {1‘olystomum, Diplozocm 
Gynxfactylus), 53 f. ; of digenetic 
Tren.atodes, C3 f. ; table of, 71 ; of 
Cestodes, 5 f., 87 ; table of life-historic.- 
of Cestodes, 83 ; of lHpylidium, 88 : of 
Dicyetnidae, 98 ; of Nematoda, 159 ; of 
Gordius, 170 ; of Acanthocephala, 179 
— see also Development 
Lyjula , 91 ; occurrence, 85 
Ligulinoe, 91 

Luu Boon Keug. on Earthworms, 349 
Ltma, nests of, 298 
Lime, secreted by Serpnlidoe, 290 
Limnaea truHcatnla, host of larva© of 
bistomum hepaticum, 67, 72 
Li m not is, 4 ( *7 

Litmus, 205, 221 ; early description of, 

L iw at kfrUva, 37 S 

Liu, -us, HI l /-. uinrimis lonyis- 

1’T" ■' W ' 100> 11 1 ' 114 5 Borlase on, 
d.» : size ol. 100; L. g< sse,riisis ( = Z- 

= •'<«.' </«««<« j), recuj>vrative 

jH.wvrs of, 110 
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Linguatulida, affinities of, 344 
Linnaeus, on Cestodes 78 ; on Gepliyrea, 
411 ; on Polyzoa, 474 
Liustow, von, on classification of Nema- 
todes, 137 ; on life-history of A scan* 
lumbricauies . , 140 ; on parasitism, 162 ; 
on Gordius , 166, 171, 173 
Lip, lip - membraue, lip - processes, of 
Sabellidac, 261, 337 
Lipobranchius, 334 ; shape of body, 259 
Lipochromes, in Polychreta, 292 
Lister, on Polyzoa, 497 
Lithodonious, Polychaeta, 287 
Lithographic slate, fossil Polychaeta from, 
301, 302 

Liver, -fluk e. 51 ; -rot, 68 
'Locomotion? of Planarians, 9, 10, 36 ; of 
Polyclads, 22 f. ; of Nemertinea, 114, 

115 ; of Chaetognatha, 190 ; of Rotifers, 
etc., 206, 235 ; of llinophilus , 243 ; of 
Phylactolaemata, 496 

Looss, on Treniatoda, 62 u., 66, 70 
Lopadorhynchina, 314 
Lopadorhynchus , 314 \ L. erythrophyUum, 
colour of, 292 

Isopfo'chaeta, 351 ; chaeta, 350 
Loplu/Mia, with Eunice 298, 319 
I /Qphophor e, in Phoronis, 453 ; in Polyzoa, 
475747*, 495 

Lophopus , 494, 499, 504, 505, 518 , 519; 
movements, 496, 497 ; fission, 496, 506 ; 
statoblast, 502, 503 
Lorica, in Rotifers, 205 
Loricata, 205, 224 
Ia)Ui 9 parasites of, 182 
Loxosoma, 489 f., 489, 490, 506, 518 ; on 
Polychaeta, 299, 489 ; on other animals, 
489 ; buds, 489, 490, 506 ; larva, 509 
Lug -worm, castings of, 285 ; as bait, 
297 

Lumbricaria, 302 
Luinbricidae, 362, 371 f., 388 
LumJtricobddUiy 392 

Lumlrriconcrtis, 318, 320; from fresh water, 
284 

Lumbriconercites (misprinted in text), 302 
Lurnbriculidae, 350, 361, 370 
Lumbriculus , 370; as host of Rotifer, 
211 »• 

LumhricxiSy 349, 351, 356, 367, 368, 371, 
380 f., 403 f. ; generative organs, 362 ; 
cocoon, 365 

Lunulitcs , 518 ; vibracula, 487 
Lurg, 317 
Lycoridae, 315 
LysuliUy 297, 310 

MacGillivu \ Y, OH l'olyzo.i, 519 
M‘Intosh, on Nemertinea, 110 n., H-s 

116 ; on P/nu’onis, io 1 
Macro *pi*y 73 

MacnMcll", 393, 400 ; se lise-liody, *>94 


MacroihyncJius, 44, 47 ; British specie.', 
40 

MacrosUrma 9 44, 47 ; British species, 4U 
Macrostomatuhae, 40 
Mayeloiui, 325 ; liaemerythrin in, 252 
Magelonidae, 258, 325 
Maiu-gut, of Lcploplana , 8, 13 ; of Poly- 
clads, 17 

Malacdxlella, 101; description of, 119; 
M. yrossa , 110 , 119 ; excretory system 

of, 108 

Malacocotylea ( = Digenea), 73 
Maldanidae ( = Clynienidae), 258 , 332 ; 
shields, 259 ; anal funnel, 259 ; chaetae, 
266, 267, 268 ; colour, 293 
Male, of Rotifers 199, 200, 217, 223 n ; of 
Echiuroids, 438 
Malleate, 210 
Malleoramate, 210, 211 
Malleus, 210 

Mammals Trematodes of, 62, 63, 67-70, 
71 f. ; Cestodes of, 77-84, 89-91 ; 
Nematodes of, 163 ; Acanthocephala of, 
183, 184 

Man, Treinatode-parasites of, 63, 68-/0 ; 
Cestodes of, 74, 78-81, 83, 89 f. ; 
Nematodes of, 125, 139, 140, 143, 145, 
147,; 163 ; Gordius of, 173 ; Echini 
rhynchus of, 183 

Man, Do, on free-living Nematodes, 1*>7 
Munayunkia , 284, 330 n. 

Mandible, of avicularium, 482, 524 
Manson, on Filaria , 149 
Manubrium, 210 

Marginal groove, of Leptoplana , L» 
Maricola, 30, 32, Ip2 

Marine, Rotifers 226 ; Oligochaeta, 366 , 
Leeches 406 

Mjjpphysa, 276, S19 ; as bait, 297 ; as 
host, 297 

Mustax, oT Rotifers, 199, 210 
Masterraan, on Chaetognatha, 190, 
Phoronis , 461 

j 529 = « ib o r f / ulu,n ’ 484 

Mastobranchus , gill of, 268, 331 

Matzdorf, on Leeches, 369 

Maupas ou Rotifers 217 

Mbalolo, 297 

Mtckrlia astdcala , 111 

Mccymutoma, 40 r 94 

Median pore, in Cheilostomata, 484, 524 

Megadrili, 373 t 374, 380 f. 

Mcyalotrocha, 221 
Mcyttjpora, 530 

Mcgascolcx, 351, 372, ^7, 88 
Mcgiiscolidcs* 349, 3j8, 3/~» ^ * 

wall and nephridia, 357 
Megnin, on parasites 164 
Meissner, on Polyzoa, 498 
Melania, Coabangia ui shell of, 2c 4 

Melanin, 292 
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Miliaria, 202, 205, 206, 210, 215, 218, 
219, 221, 226 ; early description of, j 
197 

Mclicertaceae, 203, 221 
Mclicertidae, 201, *203. 205, 211, 213, 
221 

Mel inn a y 330 

Me wheat) ijutra, 481, 492, 3 IS, f>19, 623, 
528, 530 ; phosphorescence. 478 ; lunc- 
tion of aperture, 500 ; larva, 609, 510 ; 
variation, 516 

Mcmhtan ij tor cl la, 5 IS, 524, 528 
Mcnijxa, 518 , 526, 527 
Menu ut % 131, 130, ICO, 163 
Mermithidae, 150, 163 
Meroinynrii, 129, 13 7, 142 
Mertens, on Polyclads, 6, 23 
Mfmtbilclla, 407 

M esi *ccs toulcs,Dl ; M. tinea (jcs, life-history, 
84 ; specific characters, 90 
Mesoneinertini, 112 

Mcsustv nut, 44, 45 ; reproduction, 48 ; 

British species, 43 
Mesostomatidac, 40 
Mesotroehnl larva, 325 
Mesozoa, 92 f. 

Metamerism, 249 

Metamorphosis, in Polycladida, 16, 28 ; in 
Trcmatodes, 5, 66 f. ; in Ccstodes, 5, 
74, 76, 87-89 ; in Phoronis, 459 ; in 
Poiyzou, 512 
Metauemcrtini, 112 

Metastatica ( =Holostomatidoe), 73; lifo- 
histories, 64 
MHopulia , 200, 225 

MetschnikofT, on Orthonectida, 94 ; on 
Nemertines, 99 ; on Cliaetosomatidae, 
158 

Meyer, on Polycliaeta, 261 
Michaelseti, on Earthworms, 349, 353, 359, 
370 f.. 375, 385 
MicroduidOy 362 
Microaxlidcs, 224 
Microcodon , 202 , 215, 224, 230 
Microcodonidae, 202, 220 n., 224 
Microcolyle. , 73 ; eggs of M. lobracis, 58 
Microcotylinae, 73 
Microdrili, 373, 374 f. 

M icroplana, 34, 42 
Micrtrpora, 518 , 530 ; zoocciuni, 523 
Microporcllo, 516, 5 IS, 519, 529 ; avi- 
cidnria, 484, 485 ; median pore, 501 
Microscolcx, 372, SS2, 383, 3S4 
Microstoma, 44 ; asexual reproduction, 
44 ; sexual organs, 47 ; British species, 

40 

Microstomatidoc, Ifl 

Mtcniru, 101, li t ; British species. 111 
Migrations, of Trenmtode -larvae, 5, 52, 
63 f. ; of CVstode- larvae, 5, 71, 83, 
87 

Mill son, on Oligochaeta, 368, 387 


Millennia, 3SJ f. 

Milne -Edwards, on Polyzoa. 475 
Mimicry, in Polycliaeta, 293 f. 

Mimnstlla, 51S, 532 ; movement of 

zooecia, 481 
Molluscoidca, 475 
Mol ops, host of Uordius, 172 
Monhyslera, 160 

Moniez, on Ccstodes, 84 n., S3 ; on Earth- 
worms, 369 

Moniczia, 83, 01 ; characters of genus, 90 ; 
J/. alba, M* bencdtni, M . denticulate, 
90; M. cx/xinw, S3, 90; M. veumani, 
M. oblumjiccps, M. pianissimo, M. 
t ritjonophon i, 90 
Moniiitj/istcr, 359, 3 SO, 402 
Momlignstridac, 361, 373, 3S0 
Monkey, parasites of, 145 
Monocot ylc, 73 
Mouocotylinae, 73 

Monogeuea (Monogenetic Trematodes), 5, 
53 ; classification, 73 
Mononchus , 154 
Monoophorum striatum, 50 
Monopora viriparo, 117 
Afonoporus rubropunclatus , Sfl \ reproduc- 
tive organs of; 47 
Monostomatidoe, 73 
Afonostomum , 71, 73 ; life-history, 72 
Monostyla, 225 , 226 
Monotidae, 50 

Monotus, 36 ; British species, 50 ; M. 

fuscus, 45 ; habits, 46 
Mouozoa, 91 

Montgomery, on Stichostcmma cilhardii , 
118 

Alonura, 225 

Morreii, on Earthworms, 347 

Moseley, on Laud Planarians 7, 35 u., 37 ; 

on Pclagoncmcrtcs, 101, 114 
Movements, in Rotifers, etc., 206, 235 
Moxon, on Rotifers, 198 
Mncro, 622, 525 

MucroneUfv, 51S, 522, 528, 529, 530, 531 
Miiller, F., on Triclads, 37 ; ou Polyzoo, 
493 

Miiller, O. F., on Turl>ellftria, 6 ; on Roti- 
fers, 197 ; ou Oligochaeta, 348, 352 
Midler's larva, 16, 2S, 29 
Muscles, of Lcptopuxna, 12 ; of intestine 
in Poly clads, 24 ; of Nemertiuea, 102, 
103 ; of Neumtoda, 12S ; of GordUdae, 
165 ; of Clmetognatha, 187 ; of Rotifers, 
etc., 206, 233, 237 ; of Xctris 247, 
249 f. ; of Poh zoa, 469, 170, 472, 499, 
600 — seo also Body-wall 
Musculo-glaudular organ, in Triclads 39, 
4° 

Mynunida, 280, SOS ; gemiuiparity, 279, 
280 ; markings, 293 
Myr ionites, 302 
MytUiu, 225, 226 
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Myxicola, 33S ; tori uucinigeri, 268 ; eyes, 
272 ; otocyst, 273 ; tube, 285 ; sup- 
posed mimicry, 294 

J fyzosloma, anatomy, 342 f.; M. cirriferum , 
343 ; M. glabra m , 342 
Myzostomaria, 241 ; structure and afliui- 
ties, 342 f. 

Myzostoinatidae, 342 

Naidomorpha ( = Naididae and Naids), 
348, 352, 375 f., 377 , 378, 400 ; chaetae, 
350, 367 ; reproductive organs, 361 ; 
asexual reproduction, 281, 377 
27a is, 348, 377 ; chaetae, 350 
Xnnnodrilus, 382 f. 

Natatory chaetae, of Nereidae, 277 ; of 
SylHdae, 278, 307 
Nathusius, on parasites, 63, 163 
Nauphanta, 314, 315 
Xebalut, Rotifers parasitic on, 225 
Xeclochaela, 291 

Xeclonenia agile , 164, 168, 161), 173 
Nemathelininthes, 123 f, ; 168 
Xematobothrium, 4, 55, 71, 73 
Nomatoda, 123 ; anatomy, 124 f. ; embry- 
ology* 135 ; classification, 136 ; life- 
history of, 159 f. 

Neinatogen, 94 ; Secondary Nematogen, 94 
Nematomorpha, 123 , 164 f. 

Nematoxys , 139 , 142, 161, 163 
Nematozoa, 137 

X cm tries, British species, 110 ; deposition 
of ova and spermatozoa in, 116 
.Nemertiueo, affinities, 119 ; anatomy, 102 ; 
body- wall, 102 ; breeding, 116 ; cephalic 
slits and cerebral organs, 107, 273 ; circu- 
latory system, 106, 107 ; classification, 
109 f. ; colour, 102 ; contractility, 102 ; 
development, 113; diagram, 104; 
digestive system, 103; excretory system, 
108, 108 ; external characters, 101 


food, 115 ; fresh-water forms, 101, 118 ; i~ — *>olycUds, 20, 30; of Planar, a lactro 

' ’ '..Cl i i • !*:. Dk^K.lAoAolt! 


generative organs, 109 ; geographical 
distribution, 117 ; habitat, 100 ; liabits 
114 ; land forms, 101, 117 ; locomotion, 
114, 115; nervous system, 105, 106 ; 
parasitic forms, 101, 119 ; pelagic forms, 
101, 114 ; proboscis, 100, 101 f., 103, 
104, 110, 115 ; regeneration, 115 ; sense 
organs, 101, 106, 107 ; size, 100 
Xemertodrilus , 360 
Xeinerloscolex , 444 
Xcodrilus, 384 
Neorhynchidae, 184 

Xeorkynch ns clavacctps, 178, 181, 184 \ 
X. ug ilis , 184 

Xephelis, 392 f., 397, 399, 401, 403, 405 
Nepbridium* of Arch iuu lie) idn, 243, 244 ; 
of Nereis, 253 ; of Arenicola, 253, 254 ; 
of Polychaetn, 253 ; dimorphism of, in 
Polycha</ta, 269 ; thoracic, of Sabelli- 
forinio, 306 ; of Terebtdlidac, 327 ; of 


Chlorhaemidae, 334 ; of Myzostoma, 
344 ; of Oligochaeta, 356 f., 381 f., 
400 ; of Leeches, 399 ; of Gephyrea — 
see Brown tubes ; of Phoronis , 456 
Nephthydidae, 258, 317 
Xephthys, 317 ; nephridium, 254 ; pro- 
stoinium, 259, 260 ; head, 262 ; tentacles, 
262; peristoinium,263; parapodium, 264, 
265 ; cirrus, 265 ; gill, 268 ; jaws, 270 ; 
habitat, 286 ; as bait, 297 
Nereidae, 25S , 315 ; palps. 260 ; colour, 
292 

Nereidiformia, 258 , 303 ; vascular system, 
252 ; anal cirri, 259 ; pros to mi uni, 259, 
260 ; tentacles 262 ; peristomial cirri, 
263 ; parapodium, 264 f. ; cirri, 265 ; 
chaetae, 266 ; jaws, 269 ; eyes, 272 ; 
ciliated organ, 273 ; regeneration in, 
283 ; food, 296 ; fossil, 301 f. 
Nereilepas, 317 

Xereis, 246, 299, 301, 316 f. ; anatomy, 

245 f., 247 f. ; transverse section, 247 ; 
parapodium, 246, 247, 265, 317; chaetae, 

246 ; head, 246, 248, 316 ; alimentary 
canal, 249 f., 251 ; jaws, 248, 250, 270, 
316 ; nervous system, 254, 255 ; eye, 
255 ; vascular system, 247, 251 ; dorsal 
ciliated organ, 247, 254, 256 ; uepliri- 
dium, 253 ; reproduction, 256 ; sexually 
mature, 276, 276 f.; sexual dimorphism 
and Heteroneid phase, 276 f.; epitokous 
( = epigamous) and atokous phase, 277 
n.; from fresh water, 284 ; burrow, 286 ; 
pigment, 292 ; as bait, 297 : commen- 
salism, 298 ; as host, 299 ; British 
species, 316 f. 

NcreiUs, 302 

Nerinc, 299, 322 ; habitat, 286 ; N 
vulgaris, head, 322 
Nerye plexus of Neinertinea, 103, 105 
Nervous system, of Leptoplana, 13, 14 : ol 


39 ; reduced in parasitic Rhabdocoels 
45; of Temnocephala, 54; of Poly- 
stomatidae, 56 ; of Cestodcs, 75, 86 ; of 
Neraertinca, 105, 106 ; of Nematoda, 
127 ; of Gordiidoe, 166 ; of Acai.tho- 
cephala, 177 ; of Chaetognatha, 187 ; of 
Rotifera, etc., 215, 234, 237 ; of Arcln- 
aunelida, 243, 244 ; of Polychneta, 2 j 4 ; 
visceral, of Polychaeta, 255 ; of Oligo* 
chaeta, 353, 374 ; of Gephyrea, 416, 
431, 437, 440, 445 ; of Phoronis, 4oG ; 
of Polyzoa, 471 
Neumann, on parasites, 161 
Neuropodimn, 246, 247, 264, 265. 268 
Newton, on zoo -geographical regions, 3i2 
Nicolea, 328 ; gill, 329 • 

Xicomache, 332 ; tail, 332; tube, 287 * 
X. lumhricalis, colour, 292; distribu- 
tion, 299 _ . 

Nitsche, on Polyzca, 475 u„ 478, jOU 
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Xitzschia, 56, 73 
Norman, on Poly 200 , 475 
Xonvfoniity 492 
X f, Utm ur, 5 IS , 526 
XoU us, 225 
Xothofca % 225 , 226 
Xntoaifyle* 75 

X (tomnstusy 551 ; chactac, 268 
Xot^niniutUs 217. 221b, 226 
Notommatidue, 200, 205, 207, 215, 223, 
12 i 

Xofnjtliy/htm, colour, 293 
Notopodium, 246, 247 , 264 , 265 , 268 
Xot"j**i 200 , 224 
X»t"]>}f<jo a', 259 

Nuchal cirri of Eunicidae, 318 ; Nuchal 
organ — see Ciliated pits 

OcxEHonniLUs* 3S5 
Octohothrium, 56 , 73 
OctochotUius, 358, 384 
Octocotylinae, 73 
Ociointcluty 221 

OilonbfsylliSy reproduction of, 278 ; as 
host, 297 

OccUteSy 205, 206, 221 
OcnonilfSy 302 

Oesophageal glands, 271, 358 
OynuxjasUr, 73 

Oka, on Hirudinca, 399 f. ; on Polyzoo, 
500 

Olfactory pits in Polyclads, 26 ; in Triclads 
36 

OligoceUs, 42 

Oligochaeta, 241 % 347 f. ; external char- 
acters, 348 ; body -wall, 349 ; chaetae, 
350, 351 ; branchiae, 352 ; nervous 
system, 353 ; sense-organs, 354 ; coelom 
and vascular system, 355 ; excretory 
organa, 356 ; alimentary canal, 358 ; 
reproductive organs 360 ; habitat, 365 ; 
phosphorescence, 368 ; distribution, 369 ; 
classification, 373 ; Rotifers parasitic on, 
227 

OUgocladtut, 19 1 22 
Olujognalhus . 297 

OUulanu*y 142 ; O. tidcuspis, 144, 161 
Otnalostainoy 40 

(hujmesoinoy 422, 423, 42C t 430, 447 
Onchocotylc, 73 
Oncholaimus, 157 

Onchosphaera-larva of Cestodcs, 87, 88 
Onuphin, 290 

Onuphis, 290, 318, 319 ; O. conchyltgay 
tube, 287 

Onydiochatla , 3S8 ; chaeta, 351 
Onyxy 131 

Ootype, in Polystomumy 59 
Operculum, of Serpulidae, 261, 276, 339 ; 
of Spirorbis, as brood-pouch, 261, 276 ; 
of Cheilostomata, 466, 477, 481, 432, 
522, 524 


Opcbia, 524 

Opfulia, 299, 332 ; eggs, 275 ; coelomic 
corpuscles, 252 

Opheliidae, 258 t 831 ; gill, 265 ; ciliated 
pits, 272 

Ophiotfromus, SOS ; O. Jlcxuosus, parasitic, 
297 

Ophryotrocha, 319, 320 ; pelagic, 291 ; 

genital organs 274 
OyisUwtrcputy 73 
Opijitiruuiy 50 

Orbigny, D’, on Polyzoa, 519, 520 
Orifice, of zoocoium, 466, 469 , 470, 524 ; 
secondary, 522, 524 

Orley, on classification of Nematodes, 137 
Orthonectidae, 13, 92, 94 f. 

Otocyst (and Otolith), of Turbellaria, 26 ; 
of Nemeitiuea, 106, 110 ; of Polycliaetn. 
273 

Otomesostoma, 46, 40 
Oloptanoy 50 

Oudeinans on Nemertinea, 108 
Ovary (and Oviduct), of LeptoplanOy 11, 14, 
16 ; of Polyclads, 27 ; of Planariuy 38, 
39 ; of Rhabdocoelida, 47 ; of Teviuo- 
ctphalOy 54 ; of Poly6tomatidae, 57 ; of 
Diplozoon, 60 ; of Gyrrxiaclylus, 61 ; of 
ZHstomum macrosto?num t 65 ; of CaJlio- 
boihrxuvty' 75 ; of ArchigdtSy 76 ; of 
SchistocephaluSy 86 ; of lUiojMilura, 95 ; 
of Myzostoma, 343 — see also Reproduc- 
tive organs 

Ovicell, in Cheilostomata, 466, 466 , 468 , 
431, 482, 484 , 522 f., 525 ; in Cyclo- 
stomata, 479 , 480, 62i, 525 
Oviduct — see Ovary 
Owtnia , 325 

Ox, parasites of, 79, 83, 125, 139, 140, 143 
dry soma y 139y 142 

OxyuriSy 129, 131, 135, 139y 141, 160 ; O. 
ambigua, 141 ; O. curvnla, 141, 163 ; 
O. diesingiy 141 , 142 ; O. vtnnicularis* 
141, 163; O . blaUaty O. blalticolay O. 
kydrophUiy O. megatyphlon y O. spit'u- 

theca, 142 

Paddlb worm, 313 
Paedogenesis, 151 
Pagenstecher, on Nemertinea, 99 
PalaemimeltSy host of Xeettmema, 174 
Palaeouemertea, 109 , 112 ; characters. 111 ; 
development, 113 

Palaeozoic, Serpulidae, 301 ; Euuicidae. 

302 ; Polyzoa, 520 
Paleae, of Sabcllaria^ 267 
PalmicelUiricL, 527, 628 
Palolo viridity as food, 297 
Palps, of Xertity 248, 255 ; nerves to, 254 ; 
of Polychaeta, 260 f. ; development of, 
in Sabelliformia, 275 ; of Hcrtnelli- 
formia, 306 ; of Syllidae, 307 
PaludiccUa, 492, 494, 501, 5C2, 505, 5 IS 
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Paludieola, 30 1^2 
Pa n that is, 313 
Paragnaths 248, 250, 316 
Farnpodiuni, of Nereis , 246, 247 ; of Poly- 
chaeta, 264 f. ; of Heteronereid, 276, 
277 ; muscles of, 247 : glauds of, 249, 
314 ; of Mi/zostw) a, 342 
Paraseison, 212, 225, 226 
Parasitic, Turbellaria, 51 ; Polyclads, 22 ; 
Triclad-s 32 ; Rhnbdocoela, 45, 51 ; 
Xemertinea, 101, 119; Rotifers, 204, 
227 ; Polychaeta, 297 ; Leeches 406 
pa rasitism, effect ou the parasite, 161, 177; 

effects oh the host, 162 
Parenchyma, in Lrj/toplana, 11, 12 ; of 
Midler's larva, 29; in Triclads 41 ; in 
Acoela, 42 ; in Cestodes, 85, 86 
Parovaria, of Phayocala, 3S n. 
Parthenogenesis, amongst Rotifers, 200 
Pcctinaria, 330; body, 259 ; tube, 285, 
287 ; P. auricoma, tube, 288 ; P. behjica* 
330 

Pert inatclla, 496, 497, 505, 512, olS ; 
statoblast, 502 

Pedal ion, 200, 201, 206, 211, 216, 223, 
224, 225, 228, 230 
Pedalionidae, 223 
Pedetes, 224 

PediceUina, 487, 488, 490, 506, 507, 613 ; 
larva, 510, 513 ; budding, 514 ; on 
Polychaeta, 299 

Pelagic, Nemertinca, 101, 114 ; Cliaeto- 
gnatha, 189 ; Rotifera, 226 ; Polychaeta, 
291, 294, 314 ; larvae of Polychaeta, 
300, of Polyzoa, 520 
Pchtgobuu 314 
Pelayt$nemerles, 101, 111 
Pel oder a, 129, 131, 133 
Pelodrilus , 369, 377 
Pehnlytes , 134 

Penis, of Lcptnplana , 14, 15 ; of Polyclads, 
27 ; of Planar ia, 38, 39 ; of RlmMo- 
coelida, 47; of Tmimtcephala, 64 ; of 
Odliobolhrium , 76 ; of Sch istocephul us 
(cirrus-sac), 86 

Pennant, on Hirudinea, 406 n. 
Pereyaslawzewa, on Acoeia, 44 n. 

Pergcns, on Polyzoa, 500 
Perieha^ia, 351, 357, 358, 372, 381, 381 f. ( 
388, 394, 403 

Perichaetidae, 357, 3G2, 330 
Perienteric, blood-sinus, 252 
Per am yx, 331 
Pcris&oy aster, 333 
Peristome, 481, 482, 622, 524 
Perlstoinial (tentacular) cirri, of Nereis, 
218 ; of Polychaeta, 263 ; nerves to, 251 
Peristoiniuni, of Nereis , 248 ; of Poly- 
clrneta, 263 ; of Sabellidae, 336 
Perrier, on Oligochaeta, 367, 385 
Petalostoma , 422, 426, 430, 447 
Petronxywn, host of Gordius, 173 


; Prtla, intestine of, 271 
PluxyKota, 31. 32 
Phalacrop/toi'us, 314 
Phanerocephala, 263, 303 
Pharynx, 4 ; of lAptoplana , 8, 9, 12, 14 ; 
of Polyclads 17, 24 ; of Iliseorelis, 23 ; 
development of, in Polyclads, 29, 30 ; of 
Triclads, 31, 37, 39 ; of Temnneephala, 
53, 64 ; of Polystomatidae, 56 ; of 
Digenea, 62, 64 ; of Nereis, 249, 260, 
251 ; of Polychaeta, 269 
I’littscolioii, 423, 425, 428 
I P/utscofosoma, 416, 420, 423, 436, 458, 
447 ; as host of Lotjosohui, 489 
Philippi, on Hirudinea, 406 
Philodina, 208, 222, 227 
Philodinidne, 222 

Phoronis , 450 f., 451, 452, 463, 455 ; 
habits 451 ; anatomy, 453 f., 457 ; 
development, 458, 458 ; species 400 ; 
affinities, 461, 512 

Phosphorescence (and light - producing 
^-TSrgans), in Rotifers, 226 ; in Poly- 
chaeta, 5>£2, 295, 296 ; in Oligochaeta, 
363 ; in Polyzoa, 478 
PhiJixlrilus , 368, 383 
Photogen (light - producing organ), of 
Pol yoph thalm us, 272 ; of Tomopteris , 
296, 315 

PhreodrUus , 369. 370 
Phreoryctes, 367 ,377 
Phreoryctidae, 376 
Phylactella, 528, 530 
Phylactolaemata, 476, 493 f., 6 IS ; lopho- 
phore, 476, 495 ; occurrence, 493 ; 
movements 494, 496 f. ; reproduction, 
501, 506, 507 ; larva, 511, 512 ; distri- 
bution, 493, 504 ; affinities, 512 
Phyllacauth inae, 91 
Phyllobothrinae, 01 
Phyllobothrium , 76 n., 91 
Phylloeotyle , 73 

Phyllodoce , 313, 314; head, 262, 263 ; 
eggs, 275, 314 n. ; colours, 291, 292 ; 
parapodium, 264 ; chaeta, 267 
Phvllodocidae. 258, 313; parapodial cirri, 
266 ; as food, 297 ; eggs, 314 ; colours 
292, 293 

Phyllodocitcs, 802 
Phyllonclla , 73 

Phymosuma , 413, 420, 421, 423 f., 4 
426 

Physaloplera, 163 

Pig, parasites of, 68, 79, 139, 14/, 184 
Pigments, of Polychaeta, 291 f.; of Gejdiy- 

Pike/Trematode of, 62 ; Cestode of, 81, 84 
Pilidium larva, 113, 113, 229, 230 
1‘ionosyllis , SOS 
Piseicola , 393. 4<*> 

Pitta, 32S; pill of. 329 
I Pits, ciliated, of Polychaeta, 2/2, 2/3 
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I*fao*3tegit3. colour, 292 ; from deep sea, 
300 


PhinnvUa, 73 
Pltuj\vthtieUi% 358, 381% 3s s'./ 
y/fty/Wowrt, 46 ; British .species 50 
Plagiostomatidae, .7 0 

/V/own’rt, 30, 31 f., 39 ; British species *4? 
Plattariaus 3, 7 ; compared 

with, 242, 243 
Plnnnriidae, 42 
PlanrUpluna, 19 
Plankton, Rotifers in, 225 
/7#rm*wr«, 18, 19% 20 
Plauoceridae, 7.9, 23 
f^oMtrbixy host of Gor*tii(s, 173 
Plants parasites on. 154, 155, 157, 160 
Plasmodium, nature of, in Orthonectids, 94 
Plate, on Rotifers, 198, 225 n. 

Platyn.spis, 7 3 
jf'ol jl*\ 73 

Pliityhelininthes 3 f.; Xemcrtiuea classed 
with, 119 
Ptertunoc*>fyU% 73 
Piert"*, 160 
Pltionty'istrr, 381 
Plerocercoid larva, 84 
Plc'sis 'In, on Telrastemma lacustrey 101 u. t 
118 

Pleurocotylt, 73 
PUu rot nnltity 224 % 226 
PfotsoHUt, 212, 225 

Ploima, 202, 203, 212, 213, 216, 220. 22$, 
226, 227 

Phm<tt<U«. 493, 494, 499, 503-505, 5 IS, 
519 ; protrusion of nolypides 499 ; 
atatoblASta, 499, 502. 603: larva, 512 
Pot lal membrane, of Spionidae, 322 
Podaxonia, 461 
Pnly irthm, 201, 224. 226 
Polybostrichus 280 
Poigrclis, 30, 31. 40, 42 
Polychaetn, 241% 245 f. ; classification, 
257, 258, 303 f. ; head, 248, 259 f. ; 
paraj>oditini, 246, 264 f. ; chaetae, 246, 
260 f. ; coclomic fluid, 252 ; nervous 


system, 254 ; sense-organs, 266, 272 
ciliated pits, 272 ; alimentary canal 
with pharynx, 249, 260, 261, 269, 270 
271 ; oesophageal glands^ 271 f. 
nephridimn, 263; 264, 209, 274 ; geni 
tal duct, 254, 269 ; genital cells, 250 
273 f. ; hermaphrodite, 273 ; regouem 
tion, 278, 282 ; habits, 285 ; camivor 
ous, 304 ; distribution, ’299 ; from frcsl 

o?i te oi^ 84 J fr ° m dc * p ^ 300 * 

291, 314 ; boring, 287 ; tubes, 287 ; pig 

memts, 291 ; coldur*, 291 f. ; xvarnim 

colours, 294 ; protective devices anc 

mimicry, 293 ; phosphorescent, 295 

food of, 290, 290 ; as bait, 296, 297 

as fo<xl for man, 297 ; commensalism 

-97 f. ; parasitic, 297 f. ; as hosts, 299 


extinct, 301, 302 ; larva, 274, 276, 300, 
provisional chaetoe, 274 
pttlyciioerus, 43 ; development of, 44 n. 
Pohjcirru* > 330 ; habits of, 285 ; P.av 
ncuss warning colours, 294 ; phosphor- 
esce ucc, 295 ; P. haemaUxlta, coelom ic 
corpuscles, 253 

Poiycladida (Polyclads), 4 f., 7 ; classifica- 
tion, 16 f. ; development, 28 f. ; Britidi 
species 19, 20, 22 
Polycladns % 42 
PohyadyU , 73 

Polydma ( = L*ucodore\ 323 ; frontal 
ridge, 260 ; head, 261 ; special chaetne, 
267 ; with Hdiopora, 298 ; P . ciliatu , 
borings, 287 
Polydoridae, 258, 823 
Polygordius, 242, 244 ; development, 245 
PolymnuL, 328 
Polymorphism, of Xereis , 277 
Polymyarii, 187% 142 

Polyrux 310 ; segments 258 ; para podium, 
266; jaws 270 ; anus 259 ; nephridiuni, 
254 ; habits, 286 ; as ectoparasites or 
commensals 294. 298, 325 ; distribution, 
299, 300 ; British species 299, 310 f.; P. 
sqxuinuda, 309 ; elytron, 310 ; P . d<t\Yi y 
elytron, 310 ; J\ xmbricala, elytron, 311 
Polynoina ( - PolynouK), 309 ; head, 262 : 
chaetae, 266, 267 ; jaw, 270 ; intestine, 
271 ; eggs, 275 ; sexual dimorphism, 
27C n. ; tubes 285 ; colours, 291, 292 ; 
protective resemblance, 294 ; phosphor- 
escence, 295, 296 ; food, 296 ; parasitic 
and commensal, 297, 325 ; elytra, 275, 
294, 295, 299, 309 f. 

Polyo<lontcs % 3J3 u. 

PolyophUialmus, 332; segmental eyes, 
272, 296 ; otocyst, 273 
Polype a pauuache, 496 
Polypide, 468, 469, 474, 488, 523 ; retrac- 
tion aud protrusiou, 498 f. 

Polvpide-bud, 468, 472, 487, 496, 499, 
501, 510 ; connected with reproduction. 
507 

Polypostia, 19 ; penes 27 
Polystomatidae, 53s 55, 73 
Polystomatinae, 73 

PtJystomum^ 55, 67 ; life-history, 58, 69 
Polyzoa, 465 f., 475 ; externa) characters, 
465 f., 479 f. ; anatomy, 468 f., 469 ; 
brown bodies 471 f., 472 ; history, 
474 f. ; classification, 476 f.% 515, 517 f. ; 
occurrence, 477 f. ; avicul aria and vibra- 
culo, 4S2 ; enemies 486 : Eutoprocta, 
487 ; fresh water, 492 f, ; reproduction, 
501, 506 ; development, 509 ; affinities 
461, 509, 510 ; metamorphosis 512 ; 
budding, 514 ; distribution, 493, 504, 
619 ; palaeontology, 520 ; terminology, 
523 ; determination of British genera, 
505, 521, 525 
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Ponuitoceros, habitat, 300, 340 
Pmupholy^ 201, 203, 223 
Pontobdella , 393, 401, 404, 406 
Pan tod ora, 314 
Pontodrilus , 366, 370, 383 
Pont*>scolex, 350, 366, 387 f. ; chaeta, 
351 

Pore, in Polyzoa, 471, 482, 522, 524 ; 

median, 484, 524 ; dorsal, 348 
Porella, 516, 518 , 522, 527, 529 
Porina , 5 IS, 527, 529 
P ola mill a, 3JS 

Pracoral lobe ( = Prostomium), 245, 439 

Predaceous worms, 304 

Priapuloidea, 412, 446 ; anatomy, 430 ; 

classification, 432 ; habits, 433 
Pr input us, 430, 431, 432 ; anatomy, 430 f. 
Pristina , 377 
Proairs, 204, 224, 226, 227 
Proboscidae, 40 ; occurrence, 44 
Proboscis of Nemertinea, 100, 101 f., 103 
f. ; of Hoplonemertea, 104, 110 ; open- 
ing by mouth, 117, 119; severance of, 
116 ; of Acanthocephala, 174 f . ; of 
Rotifers, 203 ; of Kinorhyncha, 237 ; 
of Echiuroidea, 434 
Proboscis- pore of Nemertinea, 102, 103 
Proboscis-sheath of Nemertinea, 103, 103 f. 
Procerodes, 42 
Procerodidae, 42 
Procerus, host of Gordius , 172 
Procot y lea, 36, 42 
Proglottis, 5, 74, 75, 79, 85 
Promesostoma, occurrence, 44 ; Britisli 
species, 40 
Proporidae, 40 
Proporus venenosus , 40 
Prorhynchidae, 40 

Prorhynchus sphyrocepha/us, terrestrial 
habit, 44 ; P. stagnalis, 40 
Prusorhockmus claparctlii, 110 , 114, 117 
Prostate - gland, of Lcptoplana, 16; of 
Polyclads, 30 ; of Planaria , 39 : of 
Rhabdocoela, 47 ; of Oligochaeta, 361 
Prostkeceraeus, 10, 22 ; sperm at ophores, 
27 

Prosthiostomatidae. 10 
P rosthwstomum, 17, 18, 10, 24 
Prostoinial tentacles, 248, 262 
Prostomium, 241 ; of Dinophilus, 243 ; of 
Pofygordius, 244 ; of Trochosphere, 245 ; 
of Nereis, 248 ; of Polychaeta, 259 ; of 
Glyceridae, 320 ; of Terebellidac, 327 ; 
of Oligochaeta, 348 
Protodrilus, 242, 244 
Protonumertini, 112 

Protvla, 341 \ genital organs, 273, 274 ; 
eggs 275 

Prouho, on Polyzoa, 489, 507 f. 

Provisional chaetae, 274 
Provortex , British species, 50 
PruxeneUs, 44 ; Britisli species, 49 


Pmvot, on Polychaeta, 261 
Psamaihe, 300, SOS 
Psamnudyce, 313 ; elytra, 294, 313 
PseiuJUdius, 135, 142, 163 
Psexuiaxine, 73 
Pseudoceridae, 10, 20 
Pseu&yceros, 10, 20 
Pseudocot yle, 73 
Pseiutorhynch us bifid us, 40 
Psygmobranchus, 341 
Pterobranchia, 461 

PUroilina, 200, 201, 203, 206, 211, 215, 
216, 225 , 226, 230 
Pterodinidae, 201, 225 
Pteroessa, 224 
Ptcronella, 73 

Pterostichus niger, infested by Gordius, 
170, 170, 172 

Pterosyltis, ciliated lappets, 273 n. 
Pyriform organ, 509, 511 

Quatrefaoes, on Gepbyrea, 411, 445 


Rabbit, parasites of, 141, 145 
Ragworni, 322 
Railliet, on Cestodes 91 
Rami, in Rotifers, 210 
Rasping plate, of Eunicidae, 270 
Rattulidae, 210, 225 
Halt ulus, 212, 225, 226 
Ratzel, on Earthworms, 350 


ed Cat, 316 t . . 

egeueration of lost part*, in Polyclads, 
26 ; in Triclads 40 ; in Cestodes / / ; 
in Nemertinea, 115; in Polychaeta, 
278, 282 ; in Oligochaeta, 348, 379 ; in 
Polyzoa, 471, 488 
e petition of parts 249 
eplacement of species, 300 

eproduction (and Reproductive organs), of 

Lcptoplana, 14 f. ; of Polyclads 26, 30 ; 
of Triclads, 31, 38, 39; of Rl.abdocoe- 
lida, 40, 47 f. ; of Tan noerphaut, 54 ; oi 
Polystomatidae, 57 f. ; of Ihplozoon, 
60 ; of Digenea, 65 ; of CaUuMhnum, 
76 ; of Schisloctphahu, 86 ; °f Mesozoa, 
93 f. ; of Neniertiuca, 102, 103, 104, 
109 ; of Nematoda, 134 ; of Isemat - 
morpha, 166, 169 ; of Acanthocephala, 
178; of Chaetoguatha, 188; or Roti 
fera, etc., 216, 234, 238 ; of Aichmnm- 
lido, 243 f. ; of Polychaeta, 253, 2^, 
256, 269, 273 ; of Mi/zostoma, 343 , of 
Oligochaeta, 360 ; of Leeches, 
Gephyrea, 418, 4S1, 437 5 of 
457 ; of Polyzoa, 471, 490. 501, 506- 
see also Ovary and Asexual reproduction 

3&5S& *.*««•-* 

272 ; in Geph 3 *rea, 416 
tirpora, 479, 515, SIS, 527 . 

haWites (rods), of Lytopluna, 11. 12 . 
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PolyclaJs 29 ; in Trivia* K 37 ; alnciit 
iu parasitic RhaMocochu 45 ; in Tanno- 
crpludo, 53, 64 
RhaMitiformae, 137 

llhahditis, 154, 160 ; JR. liigrvretiwfu 140, 
155 

RliaUlocoelida, 4, 7, 36, 42 f. ; occurrence 
anil habits 43 ; parasitic form*, 44 ; 
reproduction, 47 ; classification, .}!/ ; 
British species, 43, 44, 40 
llhab<l<tg«sttf 9 1 58 

ltludilontma nvjt'ovenosum, 134, 136, 140, 
151, 160, 161 
Wad^lnjdcura, 461 f. 

1th i natlril us, 348 
Khinopidae, 3 JO u., 234 
1th in ops, 334 ; male of, 223 n. 

Rhizopoda, as food for Polyohaeta, 296 
lthizoto, 330 ii. 

Rhoinbogen (form of Dicyemid), 93 
lUmpnUmaria, 521 n. 

IUn yxdoj /hums, 73 

Jt/iojMt/ura giardii , occurrence and struc- 
ture, 94, 96 ; It. intoshii, 94 
Wiynchelmis, 305, 370 
Uliyncliobdellae, 396 f., 403 
Khyuchoile in idae, 35, 43 
llhynchodem us, 34, 35, 43 
llh yn chajunra, 531 
lihynchoz'/on, 529 n., 531 
Riches, ou British Ncincrtincn, 110 ; on 
MalaaMclla, 119 
RieUeh, on Gephyrea, 443 
Rock worm, 319 
Rods — see RhaMitcs 
Rohde, on muscles of Nematoda, 128 f. 
Rootlet, in Polyzoa, 485, 617 
Rosa, on Oligochaeto, 364, 380, 385, 390 
Rosette-plates 471, 522 
ItutijWy 201, 202, 210, 216, 223, 226, 
227 

Rot i fern, 197 f. ; distribution, 200 ; para- 
sitic, 291 ; digestive organs , 209 ; renal 
organs, 213 ; nervous system and sense 
organs, 215 ; reproduction and develop- 
ment, 216 ; classification, 220 ; habits 
226 ; preservation, 228 ; aft ui ties, 229 
Rou^selet, on Rotifens 108, 216, 228 

Sadklla, 299, 337 ; parnpo<1ium, 266 ; 
habitat, 286 ; tube, 287 ; tul* -building, 
288 ; colour, 203, 294 ; & saxic aca, 
habits of, 287 

SnMlaria, 341 ; l*>dy, 259 ; cirri. 265 ; 
tube, 287, 290 ; S. alc&lata, 269, 300 ; 
S. paleae, 267, 300 

Sabellidae, 233, 330 ; head, 261 ; eliactae, 
266, 267 ; regeneration, 283 ; from fresh 
water, 284 ; colour, 292 
Saltttlifoniiiit, 25$, 300, 336 ; chlor-K-ntorin 
in, 2;>2 ; lx*ly t 259 ; head, 260, 261 ; 
uncini, 266, 267 ; uephridia. 269, 306 ; 


genital organs. 273 : development of 
gills, 275 ; gland shields, 257 
S**ccilxUlO«, 130 
Sacco nrre is, 275, 276, 280 
Sacmsmna. 434, 440, 443 
Say Hello, 3 !1 

S'*; it to, 130 , 186, 191, 534 ; anatomy, 1S6 
f., 188 ; development. 1S9 : habits. 190 : 
species, 191, 193 ; American species. 534 
Salensky, on development of Nemertiuen, 
99 ; of Rotifers 218 
Sdinetfa, 93, 96 

Salivary glands hi Polyclads, 10, 24 : in 
Leeches, 396 

Sid marina, 273, 341 ; brood -pouch, 276 ; 

tissiou, 2S1 
Salpina, 200, 335 
Salpiuidae, 235 
Saudniasoii, 323 

Stxicaca, Eulalia in borings of, 314 
Scales, of Gastrotricha, 233 
Scalibrcyma, 334 
Sc&libregmidae, 35$, S34 
Scapha, 259, 330 
Scandium, 201, 207, 335 
Schistocepfudus, 75, 01 ; reproductive 

organs, 86 ; larva, 84 ; life-history, 7S,$5 
Schizocerca, 235 

Scliizogamy, iu Syllidae, 278, 279. 2S1 
Schizooeniertea, 1O0; characters 111 ; de- 
velopment, 113; transverse section, 103 
SchizoportUa, 518 , 527, 528, 529, 530, 531 ; 
zooccimn and avicularia, 482 ; JLcptu- 
plana on, 22 
Schizolhcca, 432, 51$, 529 
Sclmiardn, on Oligochacta, 366, 3S7 
Schmidt, on RIiaImIococIs, 6 
Schneider, on life- history of certain Jfcso* 
slonui, 4S ; on classification of Ncmatod.t, 
129 ; on oesophageal glauds, 131 ; on 
Strongylidae, 142 

Schultze, on Polvclads, 13, 26 ; on Ncnier- 
tinca, 108, 109 
Schultz in, 50 

Schulze, F. E., SticJiostcmmci found by, 
118 ; Tricho/Ua.c found by, 96 
Scirtopoda, 200, 201, 203, 206, 207, 223 
ScUroeheilu*, 33 4 
Sclcrostomum, 163 

Scoleciformia, 258, 305 , 331 f. ; vascular 
system, 252 ; buccal region, 269 ; food 
of, 296 

Sohrolepis, 299, 333 

?>colex, 5, /4, 75 t., 89 ; polymttrphns, 
77 ; of Taenia solium, 79 
Sc Jit Jui* % 302 

Scoloj. ft**, 299, 321 ; pnrupodimn, 265 : 

habitat, 286 
Scntparia, 527 

Scrupncil/aria. 517, 518, 519, 526 ; vibra- 
eula, 477, 4S5, 517 ; phosphorescence, 
47S ; larva, 511 


i 
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Scutum, 525 

Seals, parasites of, 142, 1S3 
Sea-mat, 466, 477 
Sea-mouse, 312 
Secoudary orifice, 522, 524 
Sedentaria, 285 

Segment, 241 ; of Nereis, 246, 247 
Seison , 226 

Seisonaceae, 204, 216, 220 n., 225 , 227 
Seisonidae, 226 
Selenaria , 518 ; vibracula, 487 
Selenka, on Sipunculids, 424 n., 447 
Self-fertilisation, in certain Mcsostama , 48 ; 

in Trematodes, 52, 58 ; in Cestodes, 86 
Semper, on excretory system of Nemer- 
tinea, 108 ; on Geonemeries palaensis , 
101 n., 117 ; on mimicry in Polyckaeta, 
294 

Sense-organs, of Leptoplxina , 13 : of Poly- 
clads, 26 ; of Triclads, 30 ; of Trema- 
todes, 56, 86 ; of Cestodes, 86 ; of 
Nemertinea, 106 ; of Neinatoda, 128 ; 
of Gordius , 166 ; of Acanthocephala, 
178 ; of Chaetognatha, 188 ; of Rotifera, 
etc., 215, 233, 234 ; of Polyckaeta, 255, 
272 ; of Oligockaeta, 354 ; of Leeckes, 
395 ; of Gephyrea, 417 ; of Phoronis , 
457 

Septum, of Arckiannelida, 244 ; of Nereis , 
249, 251 ; of Polyckaeta, 269 ; of Chlor- 
hnemidae, 334 ; of Oligockaeta, 355 ; of 
Gepkyrea, 440 

Serpula, 300, 339 , 340 ; fossil, 301 ; tubes, 
290, 301 ; commensal witk Polyuoid, 
298 ; colour, 292 

Serpulidoe, 258 , 389 ; nen'e cords, 255 ; 
gills, 261 ; operculum, 261 ; cirri, 265 ; 
thoracic membrane, 266 ; uncinus, 267 ; 
fission, 281 ; tube, 290 ; colour, 292, 
293 ; from great depth, 300 ; fossil, 301 
Serpulitc chalk, 301 

Seta, of vibraculum, 484,. 485, 486, 517, 
524 

Setosella , 530 

Sharks, Trematodes of, 62, 72 ; Cestodes 
of, 78 

Sheep, parasites of, 67, 81, 82, 83 
Sheldon, Miss, on Nemertinea, 99 f. 
Shell-gland, of IspO plana, 8, 9, 14, 16 ; 
of Polyclads, 28 ; of Trematodes, 59 ; 
of Cestodes, 86 

Shield, cuticular, of Polyckaeta, 259 ; of 
Slcmuspis , 335 ; glandular— see Gland 
shields. 

Shipley, on Bijxdiuw , 37 ; on Ncmn- 
thclminthes, 123 f . ; on Chaetognatha, 
186 f., 534 ; on Gepkyrea, 411 f. ; on 
Phoronis , 450 f. 

Sialis Maria , host of Gordius , 1/1, IU\ 
host of Acanthocephala, 185 ^ 

Side organs, of Carinellidau, 107 
Siebold, von, on Tape- worms, 76 


Sigcdion , 313 

Siiliman, on Nemertinea, 101, 109 118 
Silurian, Polyckaeta, 301 
Sinus, iu Polyzoa, 482 , 484 , 525 
Siphon, of Capitelliformia, 272, 305 ; of 
Gephyrea, 436 
Siphcniogaster , 353, 368 
Siphonostoma , 834 ; commensal, 298 
Sipunculoidea, 412, 420, 446 ; species, 
426 

Sipuncxdus % 425 ; history, 411 ; species, 
426 ; anatomy, 412 f., 413 , 415 ; de- 
velopment, 419, 419 ; food, 422 ; habits, 
426 

Size, of Cestodes, 5 ; of Polyclads, 20 ; of 
Land Planarians, 33 ; of Cestodes, 75 ; of 
Nemertinea, 100 


Slavina, 377 

Sluiter, on Gepkyrea, 429, 447' 

Sraitt, on Polyzoa, 516 
SmittiOj 518 , 527, 529; zooecium and 
avicularium, 482 
Snakes, parasites of, 142 
Solenopharyngidae, 60 
Solenopha rynx, 50 
Solenophorinae, 91 
Solenophorus , 91 

Soroulis,42 . 

Spadella, ISO , 189 , 192 ; anatomy, 186 f. ; 
eggs, 189 ; habits, 190 ; species, 192, 
194 ; American species, 534 
Spallanzani, on Oligochaeta, 348 
Spargancjfhilus, 366, 386 ; anatomy, 355 
Spatangus, as host, 298 
Spencer, on Land -Planarians, 34 ; on 
earthworms, 349, 380 
Speugcl, on Gepkyrea, 440 
Sperniatheca, of Dintyhilus, 243 ; of Oli- 
gochaeta, 362 , 363 , 364 
Sperm atopb ores, 27, 402 
Spermiducal gland, 361 
Spkaerodoridae, 320 
Sphaerodoni m, 321 
Sphaerosyllis, 808 
Sphaerularia, 150, 153 , 160, 161 
Sphyranura , 73 ; setae in, 56 
Spiue, of Polyroa, 481, 623 f., 624 
Spinthcr, 318 

£.i?fac, 258 , 821 ; larva, 274, 376 
IfeSrmia, 255, 304, 321 ; l^.stonual 
cirri, 263 ; gill, 265; clmetae, 266, 267 , 
eyes, 272 ; food, 296 

338 ; Rutwtmico of tube, 200 
Spirujitera, 147 , 103; A rcUrulatu, 149 , 
obtusa, 161 ; & 'data, 1G3 

261, 276 ; fossil, 301 ; shell, 341 
Spirospentut , 378 ; ckacta, 350 
Spirulaca, 301 
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Sporocysts, 02 ; of VisUnnum mncrostomuw, 

64, 65 ; of D. htpaticmn, 67 ; hosts of, 

71 

Staggers, induced by Coenurus, 82 
Stutoblast, 493, 499, 501 f., 506 ; sessile. 
502 ; germiuation, 501, 503, 514 ; re- 
semblance to ephippian ova, 493 
Steenstrup, on Tape- worms, 76 
Stega noporella , 530 
Stclechopoda, 344 
Stslcchopns, 342 

SLeiu>stonut % 44, IfO ; asexual reproduc- 
tion, 44 

Steptutnoceros, 202, 205, 210, 213, 220, 221 
Slepha imps, 225 
SUrcutus, 370 

Stemaspidae, 258 , 335 ; nephridia of, 305 
Stemaspis. 335 , 411, 445 ; auatomy, 335, 

StJO^Bhape, 259; shield. 259; head, 264 ; 

cliaetne, 265 ; gills, 263 ; intestine, 271 ; 
compared with Gepliyrca, 336, 147, 
449 

SLhcnelais, 299, 300, 309, 313 

SlichosUmma tiUiardiiy 118 

Stilesia, 91 ; generic characters, 90 ; <8. 

esnlripunctcta, 91 ; 8. globipunctala , 91 
Stock, asexual, of Autolytus, 279 ; of My- 
via aide, 281 

Stoic, on Oligochaeta, 360 
Stolon, 480, 4SS, 518, 525 
Stolonatn, 518 n. 

Slomalopora, 518, 532 
Stork, parasites of, 63, 163 
Stvobila, 75, 76 
Strobilation, 76 

Strodtinanu, on Chactognatha, 191 
Stromntoj>oroid9, 520 
Strongylidac, 131, 142 
Sirongylus, 129, 142, 143, ICO, 163; & 
Jilaria, 132 ; & tetracanUius , 163 
Stuhlmaun, on Polyzoo, 493 
St "Millennia, 359, 380 
Sty! aria, 348, 377 

Stylets of Ncxnertino proboscis, 101, 110 
S/ylochopUiiia , 18, 19, 20 
Sfylochus, 19 ; development, 28 
Stylos tom um, 19, 22 
Sub-cuticle, 125, 175 
Submallcatc, 210, 211 
Succiitea pnlris, infested by larvae of 
iJistomuin inacrostomuMy 64, 66 
Svickcr, of IsCplopUina, 8, 16 n. ; of Tri- 
clads, 35, 36 ; of Temnoeepiuda , f>3, 54 ; 
of Mouogeuea, 53, 56, 57, 60 ; of 
Digcnea, 62, 64, 65, 69 ; of Ccstodea, 
75, 79 ; of Diiupktht*, 243 ; of Chaclo - 
jiterus, 324 ; of Myzostonu t, 342 ; of 
larva of Poly zoo, 509, 511 
Smmncr-eggH, of Afesostumu, 18 ; of Roti- 
fem, 210 

370, 3S0 

Swim* bladder, of Syllidae, 272 


Swimming, of Lcphplana, 9, 10 ; of Poly- 
clads, 23 ; of Rotifers, etc., 206, 235 
Syllidae, 258, 3(JO ; palps, 260 ; tentacles, 

— 262-; head, 262 ; parapodium, 264 ; jaw, 
270, 271 ; alimentary tract, 271; swim- 
bladder, 272 ; asexual reproduction. 
273 f., 279 ; regeneration, 278, 283 ; 
colours, 293 ; phosphorescence, 296 ; an- 
cestral, 303 

Syllis, 274, 307 ; development, 27S ; *8. 
armillaris , 307 ; *S. iXimosa, 282 ; .S. 
vivipara^ 276 

Synapta, bearing Rotifers, 222, 227 
Syndic* la, 200, 204 f., 224, 226 
Syuchaetidae, 223 , 22 } 

Stpicoelidium , 33, 4-2 
Syncytium, 125 

Syngamus trackballs, 130, 142, 144, 161, 
163, 164 
Syrinx, 411 

Tabm a, 74, 78, 79, 91 ; life-histories of 
species of, 83 ; table of species, 89 ; 
T. (Cysticercus) acantholrias, 80 ; T. 
coenur us, 81, 82; life -history, S3; 
specific characters, 90 ; 7. crussicollis, 
life-history, 78, 83 ; specific characters, 
89 ; 7 . echinococcus, 80 ; life-history, 
83 ; specific characters, 90 ; T . bmbbei, 
81 ; 7, margiuaUt, 81 ; life -history, 83 ; 
specific characters, 90 ; T. ( Ilymenolepis ) 
murina, 70, 80 u., 89 ; life-history, 80, 
83 ; specific characters, 91 ; T. per - 
foliata, 163; 7. sayinata {=T. tneiiio- 
candlata), 78, 79 ; life -history* 83 ; 
specific characters, 89 ; 7. serial is, 82 ; 
lifo-history, 83 ; specific characters, 90 ; 
T. serraln, SI ; life-history, 83, 87, 89 ; 
specific characters, 90 ; 7 . solium, 79 ; 
life-history, 79, 83 ; specific characters,. 
89 

Taeniosis, 82 
Taeniidoe, 91 

Tail, of Arenicola, 333 ; of 27ereis, 246, 
248 ; regeneration of, 283 
Tanypus, host of Gordius, 172 
Tape- worms, 5, 74 
Tuphrocampa, 200, 204, 224 
Tardigmdn, aifimties, 344 
Tclmatodrilus, S7S 
Temnocephala , 4, 53, 54 . 73 
Temnocephnlidae, 53, 73 ; habits and 
structure, 53 f. ; at Unities, 54 
Teunent, on land-leeches 40S 
Tentacles, in Polyclads 16* 26 ; in Tri- 
clads, 30, 36 ; in Vorticerus, 45 , 46 ; 
in Treiuatodes 53 ; ( peris tomiul), or 
Spionidac, 322 ; (pros tom ial), 255, 200, 
262 f. ; of JVVm's 248 ; of Polycirms, 
294, 295 ; of Potygontins, 244 ; of 
Terebollids U9e of, 289 ; nerves to* 
254 
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Tentacle-sheath, in Polyzoa, 470 
Tentacular cirri =- Peristomial cirri, q. i\ 
Tentacular filaments, 304 ; of Cirratulids, 
326, 327 

TereMla , 328 ; otocyst, 273 ; fossil, 301 
T. conchileya , tube, 286, 287, 288 
building of tube, 289 , 290 ; gill, 329 
T. nebufosa, colour, 292 ; as host, 311 
gill, 329 

Terebellidae, 258, 827 ; shape, 259 ; ten- 
tacles, 263 ; gill, 265 ; chaetae, 266, 267 ; 
gizzard, 271 ; tube, 2S6 ; use of tentacles, 
289 ; colour, 293 ; phosphorescence, 296 ; 
food of, 296 ; tube containing Polynoid, 
298 

Tvrtbcllides, 299, 330 ; gill, 329 
Terebelliformia, 258, 325 ; definition, 304; 
genital organs 273 ; gland shields, 287 ; 
nephridia, 2G9 ; nuchal organs, 273 ; 
uncini, 266, 267; vascular system, 252 
Ttrtbripora, 478 
Ten icola, 30, 42 
Tertiary, Polyzoa, 521 
Tessin, on Rotifers, 198, 218 
Testes, of Lcptoplana, 14 , 15 ; of Planaria 
laclca, 38, 39 ; of Acoela and Alloeo- 
eoela, 47 ; of Temnocephala, 54 ; of Poly- 
s tom am , 57 ; of Cestodes, 75 , 76 , 86 — 
see also Reproductive organs 
Tclraytmurus, 380 
Tetrcconchus , 73 
Tetraphyllidae, 01 
Tetrarhynchidae, 91 
Tetrarhynchus , 75, 76 u., 85, 01 
Te trust emma, British species, 110 ; land 
forms, 101, 115, 118 ; fresh-water forms, 
101, 118 ; excretory system, 108, 109 ; 
habits, 114 ; hermaphrodite species, 109 ; 
viviparous species, 117 
Tludamopordla, 530 

Ttudusscma, 411, 435 f., 441* 443 ; develop- 
ment, 439 ; habits, 443 
Thelcpns, 299, 329 
Throdisca, 321 

Thompson, J. V., on term Polyzoa, 475 
Thoracic membrane, 266, 305 
Thorax, of Polychneta, 259, 306, 337 
Tliysaimsomn , 01 ; generic characters, 90 ; 
T. Jimbriata, life -history, 83; specific 
characters, 90 ; T. yiardii, specific char- 
acters, 90 

Thysanozoon > 13, 18 , 10, 20 
Tomopteridae, 258, 291, 315 
Tnnopttris , 315 ; colour, 291 ; light-pro- 
ducing organ, 296 ; prostoiiiium, 259 ; 
T. roUtsi , 315 

Tooth, in Polyzoa, 482 , 522 

Tortoise, Tcmuocrphala associated with, 53 

Torus micinigems, 268 

Tracks, fossil, 302 

fra vista, 332 

Tru via tops is, 32 1 


Trcmatoda, 4, 51 f . ; life-liistories, 71 ; 
classification, 73 

Trembley, on Turbellaria, 6 ; on Polvzoa, 
496, 497 

Trepostomata, 520 

Trias nophonts ( = Tricusphlaria), 01; ex- 
cretory system, 84 

Triarthra, 201, 203, 206, 211, 224, 225, 
226 


Triartliridae, 200, 201, 202, 206, 207 ,224, 
226 

Trias, Serpulid in, 301 
Trichina , 131, 135, 144 , 161 ; T. spiralis, 
146 , 163 

Trichinosis, 82, 146, 147 
T richocsph al us, 131, 135, 136, 1/rf, ICO, 
163 ; species of, 145 ; T. dispar , 145 
Trichochacta, cliaeta, 351 
Trichodsrma, 159 
Trichuphix. ; 93, 95 

Tricfwsoma, 144, 103 ; species of, 145 
Trichotrachelidae, 141* 

Tricladida, 7, 30 f. ; habits 35 f. ; sexual 
reproduction, 38 ; asexual reproduction, 
40 ; classification, 42 ; British species 
31 , 32, 34, 42 
Tricoma cincta, 157 
Tricuspid aria, 91 
Triyaster, 359, 3S4 
Triyunoporus, 10, 27 
TrincphniSy 357, 382 f. 

Triojthi/udmus, 224 
Triphilus , 224 
TrislicocJuuUa, 158 
Tristomatidae, 53, 55, 73 
Tristoinatinae, 73 
Tristomum, 73 
Triticdla , 478, 518 , 533 
Ti'ochcta, 393, 407 


IYochophorc, 229 
Trochojms , 73 

Trochosphacra, 200, 201, 221, 229, 230 
Frochosphaeridae, 221 

rrochosphere, of Archiannclida, 243, 21;>: 
of Polyclmcta, 274, 275 , 510, 512; j of 
Echiuroidea, 439, 5KTT°T Polyzoa, olO 
[Yochus, in Rotifers, 202, 204 
Proplii, of Rotifers, 209, 210 
Trophnn t<«, 299, 334 ; genital organs -‘3; 

head, 262 ; intestine, 271 
[Yunk, of Xcrris, 246 ; of PolychntU 
259 ; of Gephyiva, 412 f. 
rube, of Rotifers, 205 ; of Polycliaeto, -»b7 
f. ; composition of, 290 ; fossil, 301, 30- , 
of (.'haetoptcrus 323 ; of Uymeuf, 287 ; 
of lUHhcicrrin, 326; of &ih,cc tibia,.", 
290 ; of Kunieidae, 2S5, 2J0, 318 , <■ 
// (Mra„c/n m. 339 ; of 
c/nf*. 326 ; of 290 319 ; -.r 
Mnhlanidae, 332 ; of 2.s.-._3.k , 

of .W,r/S 316 ; of Xiftmaekr, -Si ; "J. 
Oniinhii, 287, 319 ; of Oiccuio, 3-.» ; of 
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Pfi-tiiiaria, 285, 288, 33U ; ox PoOjdora y 
323 ; of Polynoids, 285 ; of Panthaiis , 
313; of St(Ulla y 287 f.; of SaMluria^ 
2S7 ; of Sabellidae, 337 ; of Scrpulidae, 
290 t 339 f., 340 ; of Terebdlhlae, 2S6, 
287, 288, 289, 327 f.; of Priapuloidea, 
433 ; ol EchiurtiSy 444 
Tul**-foriniug glands, 304 
Tube-niakini', of Polychaeta, 287 f. 
Tul.icolous Polychaeta, 285, 300, 304, 30G 
Tttbifer, 351, 367, 3G9, 378; chaetae, 
300 

Tnbiheidne, 350, 361, 366, 378 
TitbiilijiOMt 518, 531, 532 
Turlxdlaria, 3 f. 

Turtles, parasites of, 142 
Tf/Unrhus, 131, 154 > 155, 157, 160, 163 
Tylosoma, 422, 423, J&G* 430, 447 
Typliloscoleoidae, 258, 291, 321 ; nuchal 
organ, 273 u. 

Typhloscolcx, 321 

Ti/jtosyl/is, regeneration of head, 283 n. 

Udekem, D, on Oligochaeta, 365 

Cdonella, 73 ; U . culiyonim, 56 ; V. 

pollachii, eggs of, 58 
Udontdlinoe, 73 
U Hifponuhiy 531 
Pncinarut % 143 
Uncinate, 210, 211 

Undid, of Polychaeta, 260, 267, 304, 305 
Uncus, 210 

UmaUlUz, 490, 493, 518 
Umbentu, 388 
Ulcri}H>rus t 42 

Uterus, of I^eploplana, 8, J4 ; of Planar ut, 
38, 39 ; of Tridads, 40 ; of Rhabdo- 
coela, 48 ; of Temnocephala, 54 ; of 
Polyztomum, 57, 59 ; of Diplozoon, 60 ; 
of Didymozoon , 71 ; of CaUiobol/triuvi, 
75 ; of Taenia, 79 ; of Sch istocephal us, 
86 ; in Botliriidac, 87 ; of Rotifers, 216 

Vagina, of Leptoplana, 16 ; in cctoparasitic 
Trvuiatode*, 57 f. ; in Cestodes, 86, 87 
Vaillant, on llirudinea, 392, 405 
Valencinui, 113 ; V. linc/onnis, 112 
Valktriu , 533 
Vallentin, on Rotifers, 19S 
Vtdlienia, 73 
lo/iadi*, 315 
Varme, 297 

Vasa deferent to, of Leploplana, 14, 15 ; of 
Plnnana , 38, 39 ; of Acoola and Alloeo- 
ooela, 47 ; of Diplozoon, 60 ; of Schisto- 
cephahin, 86 

Vasa clferentia, of Leptoplana, 14, 15 : of 
Tridads, 38 

\ ascular System, of Xemertineo, 106, 
107 ; of Ardiinnndida, 244 ; ol Nereis, 
2:>1 r. ; of Polychaeta, 251 f.; of Crypto- 
cephaK 252 ; of Scolccifonnia, 252 ; of 


Tcrc belli form ia, 252 ; abseuce of, in 
certain Polychaeta, 253 ; of Oligochaeta, 
355 ; of Leeches, 396 ; of Gephyrva, 
415, 436, 447 ; of Phoronis, 455 
Voucher ia* Rotifers in, 227 
Vejdovsky, on Rhabdocoels, 46 ; on Gor- 
dius, 1C 4, 166 ; on Oligochaeta, 365, 
369, 374,^400 
Vermes, 347 
Venniculus, 37 S 
Vcrmiforniia, 461 
Verrill, on Choetognatna, 534 
Vertebrates, parasites of, 163, 174, 179, 183 
Vcrworn, on statoblasts, 501 
Vesicula scminalis, of Planoruu 29 
Vesicularia, 481, 5 IS, 533 
Vcsicnlnrina, 518, 523 
Vestibule, 488, 490 ; of larva, 609 
Vibracular zooecium, 485, 486, 617, 524 
Vibraculum,* 477, 484, 485. 517, 524 ; 

movements, 487 ; function, 486 
Vicarious avicularia, 482 
Victor eUa y 492, 501, 505, 518 , 533 
Villot, on life-history of Gordius , 172 
Vinclla, 521 d. 

Virgate, 210 

Visceral nervous system, of Nereis, 255 
Vitdlarium = Yolk-gland, r/.r. 

Vi tel lo- intestinal canal, in Polystoniatidae, 

57 

Viviparous, Neniertinca, 109, 117 ; Roti- 
fers, 200, 216 f.; Polychaeta, 256, 276 
Vuln<r % Rotifers in, 227 
Vortex, 44 ; British species, 50 ; body- 
cavity, 43 

Vorticellids, on Polychaeta, 299 
Vorticeros, British species, 46, 46, 50 
Vorticidae, 50 

Vuillemin (misprinted in text), on Nema- 
todes in desert?, 156 

Walkord, on Polvroa, 521 

Won!, on Xectunema, 168 ; on Sipunculus, 

417 

Wanting colour*, in Polychaeta, 294, 314 
Waters, ou Polyzoa, 517 
Wheeler, on Myzosto maxim 344 
Whelk, shell occupied by Nereis* 298 
White Cat, 317 

Whitman, on Dicyemidae, 94 ; on Hirn- 
dinea, 395 f., 402, 405 f. 

Willciuoes- Sulim, von, on Ttlruslemma 
ayricola, 101, 115, 117, 118 
Willey, on affinities of Ncmurtinea, 120 n. ; 

on Oligochaeta, 382 
Wings, of Chaetoptcrus, 295, 324 
Winter-eggs, of Mcstxtnuui* 48 ; of Roti- 
fers, 217 ; compared with statoblasts, 
493 

Woodworth, on yolk-glands, 38 n 
Wreath, in Rotifers, 200 
Wright, on Phoronis, 450, 456 
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